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 *HQHUDOIDFWV DERXW5ZDQGD
 %LRSK\VLFDODVSHFWV
5ZDQGD LV D ODQGORFNHG FRXQWU\ LQ WKH *UHDW /DNHV UHJLRQ RI (DVWHUQ DQG
&HQWUDO$IULFD7KHFRXQWU\OLHVZLWKLQODWLWXGHVR DQGR 6DQGORQJLWXGHVR
DQGR (7KHWRSRJUDSK\LVGRPLQDWHGE\DPRXQWDLQRXVSODWHDXWKDWUXQVIURP
:HVWWR(DVWUDQJLQJIURPPDERYHVHDOHYHODWWKHKLJKHVWSRLQWLQWKH
:HVW WRDURXQGPLQWKH(DVW,6$55ZDQGDKDVDWURSLFDOFOLPDWH
ZLWKDQDYHUDJHDQQXDOWHPSHUDWXUHRI&,WH[SHULHQFHVWZRUDLQ\VHDVRQV
WKHVKRUWUDLQ\VHDVRQUXQVIURP6HSWHPEHUWR'HFHPEHUZKLOHWKHORQJUDLQV
DUH IURP)HEUXDU\ WR -XQH7KH WRWDO VXUIDFH DUHDRI5ZDQGD LVNP
LQFOXGLQJDUHDVXQGHUZDWHU7KHSRSXODWLRQLVDERXWPLOOLRQSHRSOHZLWKDQ
DQQXDOJURZWKUDWHRI7KHQDWLRQDOSRSXODWLRQGHQVLW\KDVLQFUHDVHGIURP
SHUVRQVSHUNP LQ WRSHUVRQVSHUNP LQ WKHKLJKHVW LQ
$IULFD 1,65
 $JULFXOWXUHLQ5ZDQGD
5ZDQGDQ DJULFXOWXUH LV DIIHFWHG E\ D ELPRGDO UDLQIDOO SDWWHUQ 0HDQ DQQXDO
UDLQIDOOYDULHVIURPPPWRRYHUPPLQWKH1RUWKDQG1RUWK:HVWDQG
IURPPPWRPPLQWKH(DVWDUHJLRQFKDUDFWHULVHGDVVHPLDULGZLWK
GLVWLQFWGU\SHULRGV
5ZDQGDKDVYHU\GLIIHUHQWW\SHV RIVRLOVEXWZLWK&DPELVROV$FULVROVDQG
)HUUDOVROVUHSUHVHQWLQJWKHPRVWFRPPRQDJULFXOWXUDOVRLOV9HUGRRGWDQG9DQ
5DQVW7KHVHVRLOVDUHZHDWKHUHGDQGDFLGLFZLWKORZFRQFHQWUDWLRQVRI
SODQWDYDLODEOHQXWULHQWVIRUFURSDQGIRGGHUSURGXFWLRQ$JULFXOWXUHUHPDLQVWKH
 %DFNJURXQG

EDFNERQHRI5ZDQGD¶VHFRQRP\ ,W FRQWULEXWHVDERXWRIJURVVGRPHVWLF
SURGXFW *'3 JHQHUDWHV  RI IRUHLJQ FXUUHQF\ HDUQLQJV DQG HPSOR\V
DSSUR[LPDWHO\RIWKHWRWDOSRSXODWLRQ1,65+RZHYHUWKHDYHUDJH
VL]HRIODQGKROGLQJVLVKHFWDUHVKD0,1$*5,7KHUHIRUHGXHWR
ODQG VKRUWDJHV ODQG LV GHYRWHG WR FURS SURGXFWLRQ UDWKHU WKDQ OLYHVWRFN
SURGXFWLRQ
$FWLRQV KDYH EHHQ WDNHQ E\ WKH *RYHUQPHQW RI 5ZDQGD WR DGGUHVV WKH
SUREOHPRIIRRGLQVHFXULW\7KH&URS,QWHQVLILFDWLRQ3URJUDPPH &,3SROLF\
LVDVWUDWHJ\DLPHGDWERRVWLQJDJULFXOWXUDOSURGXFWLYLW\WKURXJKLPSURYHPHQWV
LQSURGXFWLRQLQSXWXVHLUULJDWLRQFRYHUDJHDQGVRLOTXDOLW\ 0,1$*5,
DQG  $ 2QH &RZ 3HU 3RRU )DPLO\ SURJUDPPH SRSXODUO\ NQRZQ DV WKH
³*LULQNDSURJUDPPH´ZDVLQLWLDWHGLQIRUWKHOLYHVWRFNVXEVHFWRUZLWKWKH
DLPVRIHQVXULQJKRXVHKROGIRRGVHFXULW\DQGSURYLGLQJPDQXUHDVDQHIILFLHQW
DQG VXVWDLQDEOHPHWKRG IRUPDLQWDLQLQJ VRLO TXDOLW\ DQG DV DQ DOWHUQDWLYH IRU
KRXVHKROGV WR JHQHUDWH LQFRPH 5$5'$  +RZHYHU WKH SULQFLSDO
FKDOOHQJH IDFLQJERWKSURJUDPPHV LVKRZ WRDFKLHYH VXVWDLQDEOH LQFUHDVHV LQ
FURS DQG OLYHVWRFN SURGXFWLRQ ZLWK OLPLWHG XVH RI IHUWLOLVHUV DQG IHHG
VXSSOHPHQWV
$JURIRUHVWU\SUDFWLFHVFDQEHXVHGDVDQRSWLRQIRUVXVWDLQDEOHSURGXFWLRQ
V\VWHPV IRU VRLO IHUWLOLW\ LPSURYHPHQW DQG DQLPDO IRGGHU TXDOLW\ 'LIIHUHQW
OHJXPHWUHHVSHFLHVKDYHEHHQSURPRWHGLQDJURIRUHVWU\V\VWHPVLQ5ZDQGDe.g
Calliandra callothyrsus, Leucaena leucocephala DQG Sesbania sesban IRU
ZKLFKDZHDOWKRI LQIRUPDWLRQLVDYDLODEOH%XFDJXet al1LDQJet al
%DODVXEUDPDQLDQDQG(JOL2WKHUVSHFLHV e.g Acacia angustissima
Leucaena pallida DQG Mimosa scabrella DUH DOVR SURPRWHG DOWKRXJK OLWWOH
LQIRUPDWLRQLVDYDLODEOHIRUFRQWH[WVUHVHPEOLQJ5ZDQGD
 'RPLQDQWVRLOLQ5ZDQGD
&DPELVROV ,QFHSWLVROV $FULVROV 8OWLVROV DQG )HUUDOVROV 2[LVROV )$2
RU86'$ VRLOWD[RQRP\ V\VWHPVFRPSULVH PRUHWKDQRIWKH
DJULFXOWXUDOVRLOV LQ5ZDQGD1]H\LPDQDet al9HUGRRGWDQG9DQ5DQVW
)LJXUH
&DPELVROV DUH FKDUDFWHULVHG E\ VOLJKW RU PRGHUDWH ZHDWKHULQJ RI SDUHQW
PDWHULDO DQG DEVHQFH RI DSSUHFLDEOH TXDQWLWLHV RI FOD\ RUJDQLF PDWWHU
H[FKDQJHDEOH$ODQGRU)H &DPELVROVRFFXULQ DOOWKHDJURHFRORJLFDO]RQHVLQ
5ZDQGD7KH\DUH\RXQJVRLOVJRRGIRUDJULFXOWXUHEXWKDYH ORZS+DQGORZ
OHYHOVRISODQWQXWULHQWVDQG DUHKLJKO\HURGHG 9HUGRRGWDQG9DQ5DQVW
$FULVROVDQG)HUUDOVROVDUHUHVWULFWHGWRKXPLGDQGVXEKXPLGFOLPDWHVRIWKH
WURSLFVDQGVXEWURSLFVDQGDFLGLILFDWLRQDQGOHDFKLQJDUHLPSRUWDQWIDFWRUVIRU

WKHLUGHYHORSPHQW$V&DPELVROVWKH\DOVRRFFXULQDOOWKHDJURHFRORJLFDO]RQHV
RILQ5ZDQGD$FFRUGLQJWR)$2)HUUDOVROVDQG$FULVROVGLIIHUPRVWO\
LQ WKHLU SK\VLFDO SURSHUWLHV )HUUDOVROV KDYH H[FHOOHQW SRURVLW\ JRRG
SHUPHDELOLW\IDYRXUDEOHLQILOWUDWLRQUDWHVDQGJRRGZDWHUKROGLQJFDSDFLW\DQG
DUH WKXV OHVV VXVFHSWLEOH WR HURVLRQ $FULVROV KDYH ZHDNO\ GHYHORSHG VRLO
VWUXFWXUHDQGDUHKLJKO\VXVFHSWLEOHWRHURVLRQ+RZHYHUWKHVHVRLOVDOVRKDYH
SURSHUWLHV LQ FRPPRQ PRVWO\ LQ FKHPLFDO SURSHUWLHV DQG PDQDJHULDO
UHTXLUHPHQWV IRU VXVWDLQDEOHDJULFXOWXUHSURGXFWLRQ%RWKJURXSVDUH VWURQJO\
OHDFKHGZHDWKHUHG VRLOV GRPLQDWHG E\ ORZ DFWLYLW\ FOD\V 7KH\ KDYH ORZ WR
H[WUHPHO\ ORZ VRLO S+ ORZ FRQFHQWUDWLRQV RI EDVH FDWLRQV DQG ORZ FDWLRQ
H[FKDQJH FDSDFLW\ &(& DQG JHQHUDOO\ ORZ OHYHOV RI SODQW QXWULHQWV
$OXPLQLXPWR[LFLW\IUHTXHQWO\DIIHFWVFURSDQGIRGGHUSURGXFWLRQ%RWKVRLOVDUH
LPSRUWDQW IRU 5ZDQGDQ DJULFXOWXUH ZKHQ DPHQGHG DQG OLPHG &DPELVROV
$FULVROVDQG)HUUDOVROVQHHGVSHFLDODWWHQWLRQWRPDLQWDLQVRLOIHUWLOLW\ e.gE\
OLPLQJ RUJDQLF PDWWHU LQSXWV IDOORZLQJ DQGRU DJURIRUHVWU\ SUDFWLFHV
3UHYHQWLQJ VXUIDFH HURVLRQ LV HVVHQWLDO IRU VXVWDLQDEOH FURS DQG OLYHVWRFN
SURGXFWLRQRQWKHVHVRLOV
7KH PRXQWDLQRXV YROFDQLF UHJLRQ RI 5ZDQGD LV GRPLQDWHG E\ $QGRVROV
ZKLFKKDYH KLJKSRWHQWLDOIRUDJULFXOWXUDOSURGXFWLRQ DQGE\5HJRVROVZKLFK
DUHKLJKO\HURGHGVRLOVDQGOHVVXVHG IRUDJULFXOWXUH)OXYLVROVDQG9HUWLVROVDUH
IRXQGXQGHUZHWODQGVDQGXVHGIRUULFHSURGXFWLRQLQ5ZDQGD
 0DQDJLQJVRLODFLGLW\QXWULHQWGHILFLHQF\DQGFDUERQ
FRQWHQW
 $FLGQHXWUDOLVDWLRQDQGOLPLQJPDWHULDOV
6RLODFLGLILFDWLRQLQ)HUUDOVROVDQGLQRWKHUDFLGLFVRLOVLVDSURFHVVE\ZKLFK
VRLOS+GHFUHDVHVEDVHFDWLRQVDUHORVWDQGWKHFRQFHQWUDWLRQVRIH[FKDQJHDEOH
DOXPLQLXP LRQV $O DQG PDQJDQHVH LRQV 0Q LQFUHDVH RYHU WLPH 6RLO
DFLGLW\LVGHWHUPLQHGE\WKHDPRXQWRIK\GURJHQ+DFWLYLW\LQWKHVRLOVROXWLRQ
7KLVLVLQIOXHQFHGE\FOLPDWHDQGELRORJLFDOIDFWRUVDQGYDULHVZLWKSDUHQWURFN
DQGWKHOHQJWKRIWLPHWKHVRLOKDVZHDWKHUHG0F)HUODQGet al6FKXPDQQ
$FLGUDLQDQGQLWULILFDWLRQRIDPPRQLXPIHUWLOLVHUVUHOHDVHSURWRQVLQWR
WKHVRLOVROXWLRQDQGFDXVHDFLGLILFDWLRQ

Figure 1. 6RLO PDS RI 5ZDQGD 6RLOV DUH FODVVLILHG XVLQJ WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI
$JULFXOWXUHVRLOWD[RQRP\V\VWHP 86'$6RXUFH'DWDFROOHFWHGIURP0LQLVWU\RI$JULFXOWXUH
DQG$QLPDO5HVRXUFHVXVLQJWKH5ZDQGDVRLO GDWDEDVH
6RPHVWURQJO\ZHDWKHUHGVRLOVVXFKDV)HUUDOVROVDQG$FULVROVDUHLQKHUHQWO\
DFLGLF ZKLOH RWKHUV VXFK DV /L[LVROV DUH SURQH WR DFLGLILFDWLRQ XQGHU
LQDSSURSULDWH PDQDJHPHQW SUDFWLFHV VXFK DV DSSOLFDWLRQ RI DPPRQLXP
FRQWDLQLQJ IHUWLOLVHU ZLWKRXW FURS UHVLGXH UHF\FOLQJ 9DQODXZH et al 
$FFRUGLQJ WR 0F)HUODQG et al  VRLOV DUH FRQVLGHUHG VOLJKWO\ DFLGLF
EHWZHHQS+ WRPRGHUDWHO\DFLGLFEHWZHHQ WR VWURQJO\DFLGLF
EHWZHHQ  WRDQGH[WUHPHO\DFLGLFEHORZS+$OXPLQLXPWR[LFLW\LV
RQHRIWKHPDMRUFRQVWUDLQWVRQFURSSURGXFWLRQRQDFLGVRLOVEHFDXVHLWUHGXFHV
WKH DYDLODELOLW\ RI VRLO QXWULHQWV DQG LQKLELWV SODQW URRW JURZWK WKXV OLPLWLQJ
QXWULHQWXSWDNH$FLGLW\DQGDOXPLQLXPWR[LFLW\FDQEHDPHOLRUDWHGE\OLPLQJ
DQGDSSURSULDWHXVHRIQLWURJHQRXVIHUWLOLVHUVRUFLUFXPYHQWHGE\JURZLQJSODQWV
WROHUDQWWRDOXPLQLXPWR[LFLW\%DUEHU7KRPDVDQG+DUJURYH

7KH OLPLQJ PDWHULDOV PRVW FRPPRQO\ XVHG DUH FDOFLWLF &D&2 DQG
GRORPLWLF &D0J &2 OLPHVWRQHEXUQW DQG VODNHG OLPHPDUO DQGYDULRXV
RUJDQLFPDWHULDOVLQFOXGLQJFURSE\SURGXFWV$FFRUGLQJWR+D\QHVDQG1DLGX
 WKH SUDFWLFH RI OLPLQJ DFLG VRLOV LQ RUGHU WR UDLVH S+ DQG SUHFLSLWDWH
H[FKDQJHDEOH DOXPLQLXP DV LQVROXEOH K\GUR[\O$O LV QHFHVVDU\ IRU RSWLPXP
FURSSURGXFWLRQ+RZHYHU IRUERWK ORJLVWLFDODQGHFRQRPLFUHDVRQV LW LVQRW
RIWHQSRVVLEOHIRUUHVRXUFHSRRUIDUPHUVWRDSSO\VXIILFLHQWUDWHVRIOLPHWRWKHLU
VRLOV +D\QHV DQG 0RNROREDWH  7KH XVH RI RUJDQLF PDWHULDOV FURS
UHVLGXHV KRXVHKROG FRPSRVW JUHHQ PDQXUH DQG DQLPDO PDQXUH KDV EHHQ
SURSRVHGDVDQDOWHUQDWLYHWROLPHWRUHGXFHDOXPLQLXPWR[LFLW\LQDFLGLF VRLOV
DQGLQFUHDVHFURS\LHOGV1DUDPDEX\HDQG+D\QHVD:RQJet al
/XQJXet al+XHet al
6XSSO\RIQXWULHQWVDQGFDUERQ
,QRUJDQLFDQGRUJDQLFIHUWLOLVHUVDUHVRXUFHVRISODQWQXWULHQWVWKDWFDQEHDGGHG
WRVXSSOHPHQWVRLOIHUWLOLW\,QRUJDQLFPDFURQXWULHQWIHUWLOLVHUVSURYLGHWKHVRLO
ZLWKODUJHDPRXQWVRIQLWURJHQSKRVSKRUXVDQGSRWDVVLXPDQGLQFUHDVHFURS
SURGXFWLYLW\EXWPD\EHXQDYDLODEOH WRSRRUVPDOOKROGHUIDUPHUVGXHWRWKHLU
FRVW 0DKPRRG et al  %DWLRQR et al  7KHUHIRUH DQ LQWHJUDWHG
DSSURDFK XVLQJQXWULHQWVIURPERWKLQRUJDQLFDQG RUJDQLFVRXUFHVLVWKHEHVW
VWUDWHJ\ IRU SODQW QXWULHQW VXSSO\ DQG VRLO IHUWLOLW\PDQDJHPHQW 2\XQ et al

$QLPDO PDQXUHV FDQ EH DQ LPSRUWDQW RUJDQLF VRXUFH RI QXWULHQWV 7KH\
SURYLGHPDFURQXWULHQWVHVSHFLDOO\QLWURJHQSKRVSKRUXVDQGSRWDVVLXPEXWDOVR
PLFURQXWULHQWV%D\Xet al/XSZD\Let al0DQXUHDOVRVXSSOLHV
RUJDQLFFDUERQWRWKHVRLOWKXVLQFUHDVLQJVRLORUJDQLFPDWWHUFRQWHQWZKLFKLV
NH\WRPDLQWDLQLQJVRLOKHDOWKDQGLQFUHDVLQJVRLOPLFURELDODFWLYLW\GHFUHDVLQJ
VRLO EXON GHQVLW\ DQG LQFUHDVLQJ ZDWHUKROGLQJ FDSDFLW\ +D\QHV DQG1DLGX
0DQXULQJDOVRLQFUHDVHVWKH&(&RIVRLOV%D\Xet aO+RZHYHU
WKHQXWULHQWFRQWHQWRIPDQXUHVGLIIHUVEHFDXVHRIYDULDWLRQVLQDQLPDO GLHWVDQG
LQWKHZD\VLQZKLFKPDQXUHLVFROOHFWHGDQGVWRUHG)HHGLQJDQLPDOV SURWHLQ
ULFKVXSSOHPHQWVUHVXOWVLQKLJKHUQLWURJHQFRQFHQWUDWLRQVLQWKHH[FUHWDEXWWKLV
PD\EHORVWXQGHULQDSSURSULDWHPDQXUHPDQDJHPHQW'HOYHet al
 $JURIRUHVWU\LQ5ZDQGD
7KH FRQFHSW RI DJURIRUHVWU\ V\VWHPV LQ VXSSRUWLQJ VXVWDLQDEOH ODQG XVH DQG
QDWXUDO UHVRXUFHVPDQDJHPHQW LV UHFRJQLVHG DV DQ LQWHJUDWHG DSSOLHG VFLHQFH
DSSURDFKWKDWKDVWKHSRWHQWLDOWRDGGUHVVODQGPDQDJHPHQWDQGHQYLURQPHQWDO

SUREOHPVIRXQGLQERWKGHYHORSLQJDQGLQGXVWULDOLVHGQDWLRQV1DLUet al
,QRUGHUWRDFKLHYHVXVWDLQDEOHODQGXVHDQXPEHURIFKDUDFWHULVWLFVVKRXOGEH
FRQVLGHUHGZKHQVHOHFWLQJWUHHVSHFLHVIRUDJURIRUHVWU\V\VWHPV$OOFDQQRWEH
IRXQG LQ D VLQJOH VSHFLHV EXW VKRXOG EH FRQVLGHUHG LQ RUGHU WR DFKLHYH
VXVWDLQDEOH ODQG XVH 7KH WUHH VSHFLHV XVHG LQ DJURIRUHVWU\ VKRXOG EH OHVV
FRPSHWLWLYHe.gIRUQXWULHQWVPRLVWXUHDQGVXQOLJKWEXWKHOSEXLOGVRLOIHUWLOLW\
E\IL[LQJDWPRVSKHULFQLWURJHQ7KHLUIROLDJHVKRXOGKDYHKLJKSDODWDELOLW\DV
IRGGHUDQGTXLFNGHFRPSRVLWLRQDIWHUOLWWHUIDOO7KHWUHHVSHFLHVVKRXOGDOVREH
HDV\ WR HVWDEOLVK JURZ IDVW EH HDV\ WR PDQDJH EH DGDSWDEOH DQG EH DEOH
ZLWKVWDQGPDQDJHPHQWSUDFWLFHV 1DLUet al
5HIRUHVWDWLRQDQGWUHHFXOWLYDWLRQKDYHEHHQSURPRWHGLQ5ZDQGDVLQFHWKH
V(DUO\XVHRIWUHHVLQFURSSLQJV\VWHPVDQGLQFRUSRUDWLRQRIDJURIRUHVWU\
V\VWHPV LQ GLIIHUHQW 5ZDQGDQ LQWHQVLYH DJULFXOWXUDO V\VWHPV KDYH EHHQ
VXJJHVWHGWREHVROXWLRQVWRWKHSHUSHWXDOVKRUWDJHRIODQGIRRGIRGGHUDQGWUHH
FURSVLQWHUDFWLRQWRVDWLVI\WKHPXOWLSOHQHHGVRIVXEVLVWHQFHIDUPHUV1LDQJet 
al'HQ%LJJHODDUDQG*ROG<DPRDKet al%DODVXEUDPDQLDQ
DQG (JOL  'LIIHUHQW WUHH VSHFLHV Sesbania sesban, Leucaena spp., 
Calliandra callothyrsus DQG Markhamia lutea KDYH EHHQ JURZQ LQWHUFURSSHG
ZLWKEHDQVLQWKHKLJKDOWLWXGHDQGFHQWUDOSODWHDX RI5ZDQGD<DPRDKet al
8VHRIOHDI\ELRPDVVIURP DJURIRUHVWU\WUHHVSHFLHVJUHHQ DV PDQXUHFDQ
EH LPSRUWDQW LQ WKH WURSLFV .DQJet al 0RUHYHU1LDQJet al 
UHSRUW DOVR WKHXVHDV IRGGHU LQ5ZDQGDRIDQXPEHURI WUHHVSHFLHV VXFKDV
Acacia koaia, Mimosa scabrella, Acacia koa, Alnus acuminate, Chamaecytisus 
palmensis, Hagenia abyssinica, Acacia mearnsii DQG Acacia melanoxylon. 6LQFH
V DJURIRUHVWU\KDVEHHQSURPRWHG WR VPDOOKROGHU IDUPHUV LQ5ZDQGDE\
UHVHDUFKHUVJRYHUQPHQWSURMHFWVDQGQRQJRYHUQPHQWRUJDQLVDWLRQVDQGLVVWLOO
VXEMHFWRIH[SDQVLRQWR DERXWmillion KHFWDUHV LQ 5ZDQGDFRUUHVSRQGLQJWR
0XNXUDOLQGD et al.RIWKH WRWDODJULFXOWXUDOODQG DUHDLQ5ZDQGD
PLOOLRQKHFWDUHV1,65
 $JURIRUHVWU\WUHHVSHFLHVVWXGLHG
:KLOH DJURIRUHVWU\ H[SDQGHG ZHOO LQ WKH SDVW WZR GHFDGHV LWV DGRSWLRQ E\
VPDOOKROGHU IDUPHUV YDULHV GHSHQGLQJ RQ PDQ\ IDFWRUV VXFK DV WKH ODQG XVH
V\VWHPDJURHFRORJLFDOFRQGLWLRQVDQGIDUPPDQDJHPHQW UHJLPH 6LOHVKLet al
7LWWRQHOOet al $JURIRUHVWU\LVVXLWDEOHIRU DOODJULFXOWXUDOODQGLQ
5ZDQGDDQGHVSHFLDOO\LQDUHDVZKHUHWKHSRSXODWLRQLVGHQVHDQGIDUPVL]HLV
VPDOO ZKHUH WKHUH LV D QHHG IRU LQWHQVLYH IDUPLQJ V\VWHPV WKDW LQWHJUDWH
DJULFXOWXUHOLYHVWRFNDQGWUHHVVKUXESURGXFWLRQ0XNXUDOLQGDet al

(VWDEOLVKPHQWDQGSURGXFWLYLW\RI WUHHVDQGVKUXEVDUH LQIOXHQFHGE\IDUP
PDQDJHPHQW IDUPHU¶V SURGXFWLRQ REMHFWLYHV DQG UHVRXUFH DYDLODELOLW\ IRU
GLIIHUHQWDJURIRUHVWU\WHFKQRORJLHV ZKLFKPDNHDJURIRUHVWU\V\VWHPVGLYHUVHLQ
WLPH DQG VSDFH %XFDJX et al  0XOWLSXUSRVH WUHHV VXFK DV Acacia 
angustissima Leucaena pallidaDQGMimosa scabrella DUHSRWHQWLDOVSHFLHVWKDW
FDQFRQWULEXWHWRDJURIRUHVWU\V\VWHPVE\SURYLGLQJKLJKSURWHLQIRGGHUIRUe.g
GDLU\ FRZV HQKDQFLQJ WKH TXDOLW\ RI DQLPDO PDQXUH DQG SURYLGLQJ HURVLRQ
FRQWURODVZHOODVVWDNHVDQGIXHOZRRG+RZHYHU IDUPHUVQHHGWREHDZDUHRI
WKHLU DSSURSULDWH PDQDJHPHQW DQG WKHLU VXLWDELOLW\ ZLWKLQ WKHLU UHVSHFWLYH
DJULFXOWXUDOV\VWHPV
Figure 2. Acacia angustissima 3KRWR0DUJXHULWH0XNDQJDQJR6/8
3.5.1 Acacia angustissima
Acacia angustissima )LJXUH  0LOOHU.XQW]H V\QAcaciella angustissima
0LOOHU Mimosa angustissima 0LOOHU M. ptericina 3RLU Senegalia 
angustissima 0LOOHU3HGOH\LVDIDVWJURZLQJVPDOOOHJXPLQRXVWUHHRUVKUXE
P,WLVFORVHO\UHODWHGWRDQGERWDQLFDOO\FRQIXVHGZLWKAcacia boliviana
DQGAcacia villosa *XWWHULGJH Acacia angustissima LV D QLWURJHQIL[LQJ
WURSLFDOOHJXPHVSHFLHV&KDHUet al ,WLVQDWLYHWRWKH $PHULFD$UFH
DQG%DFKPDQ ,WJURZVZHOODWDOWLWXGHVXSWRPDERYHVHDOHYHODQG
DW UDLQIDOO RI EHWZHHQ  DQG  PP SHU DQQXP 0F9DXJK  ,W
WROHUDWHVDZLGH UDQJHRIVRLOVLQFOXGLQJIUHHGUDLQLQJDFLGLFDQGLQIHUWLOHVRLOV

*XWWHULGJH  ']RZHOD  0F9DXJK  DQG VKRZV H[FHOOHQW
GURXJKW WROHUDQFHRIXS WRHLJKWPRQWKV *XWWHULGJH7KH OHDYHVRIA. 
angustissima KDYH D KLJKQLWURJHQ FRQWHQWZKLFKSRWHQWLDOO\PDNHV WKHPDQ
LGHDOVXSSOHPHQWWRWKHORZTXDOLW\FURSUHVLGXHVDQGRWKHUJUDVVHVWKDWPDNHXS
WKH EXON RI OLYHVWRFN GLHWV LQ VPDOOKROGHU IDUPLQJ +RYH et al  7KH
VSHFLHVJURZVUDSLGO\DQGUHVSRQGVZHOOWRUHJXODUFXWWLQJEXWLQIRUPDWLRQRQ
WKHUHVSRQVHRILWVELRPDVVDQGFKHPLFDOFRPSRVLWLRQWRGLIIHUHQWPDQDJHPHQW
SUDFWLFHVKDVQRWEHHQUHSRUWHGLQWKHOLWHUDWXUH
Figure 3. Leucaena pallida 3KRWR0DUJXHULWH0XNDQJDQJR6/8
3.5.2 Leucaena pallida
Leucaena pallida )LJXUH LVDGHHSURRWHGVPDOOVKUXEOHJXPHQRUPDOO\
PWDOOZLWKWUXQNGLDPHWHUFPDQGDQRSHQ VSUHDGLQJRUQDUURZFURZQ
2UZD et al Leucaena pallida LVDQLWURJHQIL[LQJWRSLFDOOHJXPH&KDHU
et al  ,W LV QDWLYH WR0H[LFR DQG KDV EHHQ XVHG LQ $IULFD DV IRGGHU
:DPEXJX et al  Leucaena pallida JURZV ZHOO LQ DQ DOWLWXGH UDQJH
EHWZHHQPDQGPHDQDQQXDOWHPSHUDWXUHVEHWZHHQDQG&,W
FDQUHVLVWGU\VHDVRQVODVWLQJXSWRVHYHQPRQWKVDQGJURZVZHOOZLWKDQQXDO
UDLQIDOOXSWRPPEXWFDQZLWKVWDQGDQQXDOUDLQIDOODVORZDVPP
Leucaena pallida GRHVQRW WKULYHXQGHUVRLOFRQGLWLRQVRI ORZSKRVSKRUXV
DQGFDOFLXPKLJK$OVDWXUDWLRQDQGZDWHUORJJLQJEXWWROHUDWHVVOLJKWO\DFLGLF
VRLOVZLWK S+! :DPEXJX et al  $N\HDPSRQJ  UHSRUWHG ORZ

SURGXFWLYLW\ RI L. pallida RQ KLJKODQG VRLOV LQ %XUXQGL FKDUDFWHULVHG E\
DOXPLQLXPWR[LFLW\,QFRQWUDVWWKHUHKDYHEHHQDQHFGRWDOUHSRUWVWKDWL. pallida
JURZVZHOOLQWKHVRXWKHUQSDUWVRI5ZDQGD5XERQDVWDWLRQZLWKDFLGLFVRLOV
S+7KHODFNRILQIRUPDWLRQRQWKLVVSHFLHVLQWKHDUHDFDOOVIRUIXUWKHU
VFLHQWLILFVWXG\Leucaena pallida SURYLGHVKLJKTXDOLW\GU\VHDVRQIHHGLVPRUH
UHVLVWDQWWRSV\OOLGDWWDFNWKDQRWKHULeucaena VSHFLHVDQGLVKLJKO\SURGXFWLYH
DQG WROHUDQW RI KHDY\ FXWWLQJFRSSLFLQJ DQG JUD]LQJ 2UZD et al 
0XWLPXUDet al LGHQWLILHGL. pallida DVDSURPLVLQJIRGGHUVKUXEZLWK
KLJKGU\PDWWHUFRQWHQWDQGKLJKQLWURJHQFRQWHQW
Figure 4. Mimosa scabrella 3KRWR0DUJXHULWH0XNDQJDQJR6/8
3.5.3 Mimosa scabrella
Mimosa scabrella %HQWKDP)LJXUHLVDOVRNQRZQDVMimosa EUDFDWLQJDZLWK
WKHSRSXODUQDPHEHLQJEUDFDWLQJD,WLVDIDVWJURZLQJVPDOOWRPHGLXPWUHH
WKDWJURZVWRPD[PKLJKZLWKDWDOOVWUDLJKWVOHQGHUWUXQNFP
LQ GLDPHWHU ,W IRUPV FORVHG VWDQGV DQG LV VKRUW DQG EUDQFKHGZLWK D GHQVH
URXQGHG FURZQ RI JUH\ IROLDJH RU D ODUJH VKUXE *XWWHULGJH  Mimosa 
scabrella LVDQLWURJHQIL[LQJWRSLFDOOHJXPH&KDHUet al,WLVLQGLJHQRXV
WR VRXWKHDVW %UD]LO EXW LV QRZ JURZQ LQ PDQ\ RWKHU FRXQWULHV *XWWHULGJH
,WGHYHORSVYHU\ZHOOLQUHJLRQVZLWKDQDQQXDO UDLQIDOOUDQJHRIWR
PPDQQXDOPHDQWHPSHUDWXUHEHWZHHQDQG&DQGDOWLWXGHEHWZHHQ
 DQG P DERYH VHD OHYHO ,W JURZV RQ LQIHUWLOH VRLOV ZLWK S+ YDOXHV

IUHTXHQWO\EHORZDQGORZVRLOQXWULHQWDYDLODELOLW\DQGFDQZLWKVWDQGVRLOV
ZLWKKLJK$O VDWXUDWLRQ6RPDUULEDDQG.DVV 1LDQJ et al UHSRUW
JRRGDGDSWDWLRQRIM. scabrella WRDFLGLF2[LVROFRQGLWLRQVRIWKHUXJJHG=DLUH
1LOH &UHVW LQ 5ZDQGD ZLWK KLJK ELRPDVV SURGXFWLRQ DQG JRRG TXDOLW\ IRU
OLYHVWRFN IRGGHU +RZHYHU LWV DELOLW\ WR WROHUDWH PXOWLSOH KDUYHVWLQJ ZKLFK
ZRXOGHQVXUHVXVWDLQDEOHSURGXFWLRQRIM. scabrella LQDJURIRUHVWU\LVXQFOHDU
 1XWULHQWFRQWHQWDQGGLJHVWLELOLW\RIIRGGHU
)DFWRUVFRQWULEXWLQJWRKLJKTXDOLW\IRUDJHDUHKLJKFRQFHQWUDWLRQVRISURWHLQ
ORZOHYHOVRIFHOOZDOOFRQWHQWVXLWDEOHPLQHUDOFRQWHQWKLJKSDODWDELOLW\ DQG
GLJHVWLELOLW\ DQG ORZFRQFHQWUDWLRQVRI DQWLQXWULWLRQDO VXEVWDQFHV FRQGHQVHG
WDQQLQV $ULDV et al  1MLGGD  1GORYX DQG 1KHUHUD 
$FFRUGLQJWR6LPED\DWKHIROLDJHRIIRGGHUWUHHVDQGVKUXEVKDVDKLJK
FUXGHSURWHLQFRQWHQWUDQJLQJIURPWRUHODWLYHWRWKHUHSRUWHGPLQLPXP
IHHG FUXGHSURWHLQ FRQWHQW UHTXLUHG IRU UXPLQDQW ODFWDWLRQ  DQGJURZWK
*XVKDet al1MLGGDDQG,NKLPLR\D)UDQFLVDQG6LEDQGD
*XVKD et al  IRXQG FUXGHSURWHLQ YDOXHV RI   DQG
DQG UHVSHFWLYHO\ IRUA. angustissima Calliandra callothyrsus, 
Gliricidia sepium DQG L. pallida,QDGGLWLRQWREHLQJDJRRGVRXUFHRISURWHLQ
IRGGHU OHJXPHV DUH DOVR DQ LPSRUWDQW VRXUFH RI PLQHUDOV VXFK DV VXOSKXU
FDOFLXPFRSSHUDQGLURQ6LPED\D%DOR\Let al
7KH QHXWUDO GHWHUJHQW ILEUH 1') FRQWHQW LQ IHHG UHIOHFWV WKH VORZO\
GLJHVWLEOHKHPLFHOOXORVHFHOOXORVHDQGOLJQLQLQSODQWFHOOZDOOVDQGDIIHFWVIHHG
LQWDNHDQGDYDLODELOLW\RIHQHUJ\LQIHHGV7KHDFLGGHWHUJHQWILEUH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LQVWRYHU î 
7KHPDL]HVWRYHUZDV OHIWRQSORWVDIWHUKDUYHVWDQGWKHVDPHSODQWLQJSRLQWV
ZHUH UHWDLQHGRYHU DOO JURZLQJ VHDVRQV6RLO VDPSOLQJZDVSHUIRUPHGEHIRUH
VHWWLQJXSWKHH[SHULPHQW7HQVRLOVDPSOHVZHUHWDNHQIURPWKHFPOD\HU
LQ HDFKSORW XVLQJ DQ DXJHU DQGSRROHG WR IRUPD FRPSRVLWH VDPSOHSHU SORW
3DSHU,,,6RLOVDPSOLQJDQGDQDO\VLVZDVUHSHDWHGDIWHUHDFKFURSSLQJVHDVRQ
EXWVDPSOHVZHUHWKHQWDNHQRQO\DWWKHSODQWLQJVWDWLRQV
 3ODQWV VRLO DQGPDQXUH DQDO\VLV
 $QDO\VLVRISODQWV FRPSRVLWLRQDQGin vitro GLJHVWLELOLW\3DSHUV,,,
DQG ,9
$OOSODQWVDPSOHVIRUFKHPLFDODQDO\VLVZHUHGULHGDW&IRUKRXUVDQG
PLOOHGWRPP,Q3DSHUV,DQG,,SXUHVDPSOHVRIWKHOHJXPHVDQGJUDVVDQG
RIPL[HGOHJXPHJUDVVLQSURSRUWLRQVRIOHJXPHVDQGJUDVV3DSHU,,
ZHUHFKHPLFDOO\DQDO\VHG7RWDODVKZDVGHWHUPLQHGWKURXJKDVKLQJE\PHWKRG
 $2$&  DQG FUXGH SURWHLQ ZDV FDOFXODWHG DV  WLPHV WKH
.MHOGDKOQLWURJHQFRQWHQWPHDVXUHGE\PHWKRG$2$& 3DSHUV,
DQG,, &DOFLXPPDJQHVLXPDQGSKRVSKRUXVFRQFHQWUDWLRQVZHUHGHWHUPLQHG
E\GU\DVKLQJPHWKRGV2UJDQLFPDWWHU20ZDVFDOFXODWHG
DVWKHGLIIHUHQFHEHWZHHQGU\PDWWHUFRQWHQWDQGDVKFRQWHQW3DSHU,,7RWDO
SRO\SKHQRO 73FRQWHQWZDVGHWHUPLQHGDFFRUGLQJ WR )ROLQ'HQLVPHWKRG LQ
$QGHUVRQ DQG ,QJUDP  7KH FHOO ZDOO FRQVWLWXHQWV 1HXWUDO 'HWHUJHQW
)LEHU1')DQG$FLG'HWHUJHQW)LEHU$')ZHUHGHWHUPLQHGDFFRUGLQJWR9DQ
6RHVWet al 3DSHUV,DQG ,,
7KHin vitro RUJDQLFPDWWHUGLJHVWLELOLW\,920'RIWKHOHJXPHVJUDVVDQG
OHJXPHJUDVVPL[WXUH3DSHU,,ZDVGHWHUPLQHGE\WKHJDVSURGXFWLRQWHFKQLTXH
IROORZLQJ0HQNHet alXVLQJIHUPHQWDWLRQPHGLXPSUHSDUHGDFFRUGLQJ
WR2VXML DQGUXPLQDOIOXLGWRSURYLGHPLFURELDOLQRFXODQW7KHODWWHUZDV
GHULYHGIURPUXPHQFRQWHQWVREWDLQHGIURPILVWXODWHGVWHHUVJUD]HGRQPanicum 
maximum DQGIHGChloris gayana LQ WKHLUVWDOOV6\ULQJHVFRQWDLQLQJVDPSOHV
ZLWK IHUPHQWDWLRQ PHGLXP RU EODQNV ZLWK RQO\ IHUPHQWDWLRQ PHGLXP ZHUH
LQFXEDWHG DW  & *DV UHDGLQJV ZHUH UHFRUGHG DW WLPH ]HUR DQG WKHQ DW
VFKHGXOHGLQWHUYDOVXSWRK

0DL]H SODQW DQG JUDLQ VDPSOHV 3DSHU ,9 ZHUH DQDO\VHG IRU WRWDO QLWURJHQ
DYDLODEOH SKRVSKRUXV DQG DYDLODEOH SRWDVVLXP FRQFHQWUDWLRQV 1LWURJHQ ZDV
GHWHUPLQHGDFFRUGLQJWKHPLFUR.MHOGDKOPHWKRG$QGHUVRQDQG,QJUDP
DQGSKRVSKRUXVDQGSRWDVVLXPZHUHGHWHUPLQHGLQWKHVDPHGLJHVW2NDOHERet
al
 6RLODQDO\VLV3DSHU,,,
6RLOVDPSOHVZHUHGULHGDQGPLOOHGWRPP7KH\ ZHUHDQDO\VHGIRUS+
VRLOZDWHUUDWLRDQGWRWDOH[FKDQJHDEOHDFLGLW\7($i.e+ DQG$OH[WUDFWHG
E\ 1 SRWDVVLXP FKORULGH .&O DQG PHDVXUHG E\ WLWUDWLRQ ZLWK VRGLXP
K\GUR[LGH 1D2+$QGHUVRQDQG,QJUDP7RWDOQLWURJHQFRQWHQWZDV
GHWHUPLQHGE\ WKHPLFUR.MHOGDKOPHWKRG$QGHUVRQDQG,QJUDP VRLO
RUJDQLFFDUERQ62&ZDVGHWHUPLQHGE\WKH:DONOH\%ODFNPHWKRG$QGHUVRQ
DQG,QJUDPDQGDYDLODEOHSKRVSKRUXVZDVGHWHUPLQHGE\WKH%UD\WHVW
%UD\ DQG .XUW]  ([FKDQJHDEOH EDVHV FDWLRQV &D 0J . ZHUH
GHWHUPLQHGE\DPPRQLXPDFHWDWHH[WUDFWLRQDQGIODPHSKRWRPHWU\$QGHUVRQ
DQG ,QJUDP  7KH &(&ZDV GHWHUPLQHG E\ WKH DFHWLF DFLG PHWKRG DV
GHVFULEHGE\$SULOHDQG/RUDQGL
6RLOZDWHULQILOWUDWLRQUDWHVLQWKHILHOGZHUHGHWHUPLQHGE\WKHGRXEOHULQJ
PHWKRG $QGHUVRQ DQG ,QJUDP  6RLO ZDWHUKROGLQJ FDSDFLW\ ZDV
GHWHUPLQHGLQWKHODERUDWRU\XVLQJVDQGER[DSSDUDWXV(LMNHONDPS$JULVHDUFK
(TXLSPHQW*LHVEHHN7KH1HWKHUODQGVDWS)S) S)S) S)DQG
S) IRUXQGLVWXUEHG VRLO VDPSOHVDQGXVLQJSUHVVXUHSODWHHTXLSPHQW 6RLO
0RLVWXUH(TXLSPHQW6DQWD%DUEDUD&$86$DWEDUDQGEDU IRUGLVWXUEHG
VDPSOHV
 0DQXUHDQDO\VLV
%HIRUHDSSOLFDWLRQLQWKHILHOGWULDOHLJKWVXEVDPSOHVRIHDFKPDQXUHZHUH WDNHQ
UDQGRPO\SRROHGDQGKRPRJHQLVHG7KHVDPSOHVZHUHWKHQGULHGDQGPLOOHGWR
 PP 7RWDO QLWURJHQ ZDV GHWHUPLQHG XVLQJ WKH PLFUR.MHOGDKO PHWKRG
$QGHUVRQDQG,QJUDP DQGPHDVXUHGFRORULPHWULFDOO\,QWKHVDPHGLJHVW
WRWDO SKRVSKRUXV ZDV PHDVXUHG FRORULPHWULFDOO\ ZLWKRXW S+ DGMXVWPHQW
2NDOHER et al  DQG EDVH FDWLRQV &D 0J . DQG 1D ZHUH
GHWHUPLQHGE\ DWRPLFDEVRUSWLRQVSHFWURSKRWRPHWU\ 9$5,$12NDOHERet al
2UJDQLFFDUERQ2&ZDVGHWHUPLQHGE\ WKH :DONOH\DQG%ODFNPHWKRG
$QGHUVRQDQG,QJUDP

 6WDWLVWLFDODQDO\VLV
7KHUHVXOWVLQ3DSHU,ZHUHDQDO\VHGDVUHSHDWHGPHDVXUHVGDWD XVLQJDPL[HG
PRGHODSSURDFKDVLPSOHPHQWHGLQWKHPL[HGSURFHGXUHLQ6$6VRIWZDUH
6$6  7KH UHODWLRQVKLSV EHWZHHQ KDUYHVW RFFDVLRQV ZLWKLQ SORWV ZHUH
PRGHOOHG XVLQJ DQ DXWRUHJUHVVLYH FRYDULDQFH VWUXFWXUH 7KH IL[HG IDFWRUV LQ
PRGHOV ZHUH VSHFLHV FXWWLQJ KHLJKW KDUYHVW RFFDVLRQV DQG DOO LQWHUDFWLRQV
EHWZHHQWKHVHIDFWRUV%ORFNVZHUHUHJDUGHGDVUDQGRPYDULDEOH
'DWDRQFKHPLFDO FRPSRVLWLRQ in vitro GHJUDGDWLRQPHWDEROLVDEOHHQHUJ\
0( DQGNLQHWLF SDUDPHWHUVZHUH VXEMHFWHG WR WZRZD\ DQDO\VLVRI YDULDQFH
$129$XVLQJJHQHUDO OLQHDUPRGHOSURFHGXUHV LQ6$6VRIWZDUH 6$6
3DSHU,,
'DWDRQVRLOSURSHUWLHVDQGPDL]HFURSSDUDPHWHUVDQG\LHOGVZHUHVXEMHFWHG
WR WZRZD\$129$ WRHYDOXDWH WKHHIIHFWRIDPDQXUHIHUWLOLVHUDSSOLFDWLRQ
DQGOLPLQJDQGWKHLULQWHUDFWLRQE\FURSSLQJVHDVRQDQGEPDQXUHW\SHVDQG
OLPLQJ DQG WKHLU LQWHUDFWLRQ E\ FURSSLQJ VHDVRQ XVLQJ -033UR  VRIWZDUH
-036$6,QVWLWXWH,QF&DU\1&86$%ORFNDQGSORWZHUHXVHGDV
UDQGRPYDULDEOHV3DSHUV,,,DQG ,96HSDUDWLRQRIPHDQVZDVWHVWHGLQDOOFDVHV
XVLQJ WKH 7XNH\¶V UDQJH WHVW ZKHQ VLJQLILFDQW GLIIHUHQFHV ZHUH LQGLFDWHG
3


 (IIHFWRIFXWWLQJKHLJKWDQGUHSHDWHGKDUYHVWVRQ
ELRPDVVSURGXFWLRQLQWKHWKUHHOHJXPHWUHH VSHFLHV
3DSHU,
/HJXPHWUHHVDQGVKUXEVKDYHORQJEHHQJURZQE\VPDOOKROGHUIDUPHUVZLWKWKH
SULPDU\ REMHFWLYH RI LPSURYLQJ ERWK WKH TXDOLW\ RI OLYHVWRFN IRGGHU DQG VRLO
IHUWLOLW\E\XVLQJWKHLUIROLDJHDVJUHHQPDQXUH*XWWHULGJHDQG6KHOWRQ
$PDMRU FKDOOHQJH WR VXVWDLQDEOH SURGXFWLYLW\ RI WKHVH OHJXPH WUHHV LV WKHLU
HVWDEOLVKPHQWDQGPDQDJHPHQW3DUWH\
7KH UHVXOWV LQ 3DSHU , VKRZHG WKDWA. angustissima M. scabrella DQG L. 
pallida DOOHVWDEOLVKHG ZHOO RQWKHZHDWKHUHG)HUUDOVROVRLODWWKHH[SHULPHQWDO
VLWHLQ6RXWKHUQ5ZDQGDEXWWKDWL. pallida HVWDEOLVKHGVORZO\)LJXUH7KLV
FRUURERUDWHVHDUOLHUILQGLQJVRIJRRGHVWDEOLVKPHQWRIA. angustissima DQG M. 
scabrella RQDFLGLFDQGLQIHUWLOHVRLOV1LDQJet al']RZHODet al
6RPDUULED,WDOVRFRQILUPVILQGLQJVWKDWL. pallidaGRHVQRWWKULYHXQGHU
VRLO FRQGLWLRQV RI ORZ SKRVSKRUXV DQG FDOFLXP KLJK $O VDWXUDWLRQ DQG
ZDWHUORJJLQJEXWJURZVZHOOLQVRLOZLWKS+!:DPEXJXet al6KRRW
ELRPDVV SURGXFWLRQ VWHPV DQG OHDYHV LV WKH SULPDU\ RXWSXW IRU VPDOOKROGHU
IDUPHUV DSSO\LQJ DQ DJURIRUHVWU\ V\VWHP DQG GHSHQGV RQ WUHH VSHFLHV DQG
PDQDJHPHQW7KHUHZDVQRFRQVLVWHQWHIIHFWRIFXWWLQJUHJLPHRQVKRRWELRPDVV
DFFXPXODWLRQDIWHUUHSHDWHG SURGXFWLYLW\PHDVXUHPHQW LQ3DSHU,7KHRYHUDOO
WUHQGZDVIRUVRPHZKDWKLJKHUVKRRWELRPDVVSURGXFWLRQDWORZPFXWWLQJ
KHLJKW IRUA. angustissima DQG L. pallida EXW ORZHU ELRPDVV DIWHU UHSHDWHG
FXWWLQJ M. scabrella 7DEOHLQ3DSHU, ZKLFKPD\EHH[SODLQHGE\GHSOHWLRQ
RIFDUERK\GUDWHUHVHUYHV/DWWet alDQGORVVRISODQWV)LJXUH
 5HVXOWVDQG'LVFXVVLRQ

Figure 6. Acacia angustissima, Leucaena pallida and Mimosa scabrella HVWDEOLVKPHQW
Figure 7. Mimosa scabrella VKRZHGORZWROHUDQFHWRFXWWLQJDIWHUWKHWKLUG KDUYHVWDVHYLGHQFHGE\
PDQ\GHDG SODQWVOHIWFRPSDUHGZLWK Leucaena pallida ULJKW
7KLV LV LQ OLQHZLWKSUHYLRXV UHSRUWVRIYDU\LQJHIIHFWV RIFXWWLQJKHLJKW IRUD
UDQJHRIOHJXPHWUHHVSHFLHV ,VDKet alREWDLQHGPRUH Moringa oleifera
ELRPDVV DW ORZHU FXWWLQJ  P WKDQ KLJKHU FXWWLQJ  P XQGHU GULHU
FRQGLWLRQV LQ 0DUDGL 1LJHU ZKLOH DQ LQFUHDVH LQ ELRPDVV SURGXFWLRQ ZLWK
LQFUHDVLQJFXWWLQJKHLJKWKDVEHHQREVHUYHGIRUGliricidia sepiumDQGLeucaena 
leucocephalaXQGHUPRUHKXPLGFRQGLWLRQV'XJXPD et al1LDQJet al
 GHWHFWHG DQ LQFUHDVH LQ ELRPDVV SURGXFWLRQ ZKHQ PRYLQJ IURP ORZ
FXWWLQJPWRKLJKP IRUVRPHVSHFLHVLQFOXGLQJM. scabrellaZKLFK
LVFRUURERUDWHG E\ILQGLQJVLQWKLVWKHVLV+RZHYHU1LDQJet al IRXQGQR

FXWWLQJKHLJKWHIIHFWVIRURWKHUVSHFLHVZKLOH(UGPDQQet alIRXQG QR
HIIHFWRIFXWWLQJKHLJKWRQELRPDVVSURGXFWLRQLQG. sepium
7KHUHVSRQVHRIOHJXPHWUHHVWRFXWWLQJPDQDJHPHQWPD\WKXVEHVSHFLHV
GHSHQGHQWDQGVSHFLILFWRDJURHFRORJLFDOFRQGLWLRQVVRHDFKVSHFLHVWDNHQLQWR
XVH IRU DJURIRUHVWU\QHHGV WR EHHYDOXDWHG VR WKDW LW FDQEHXVHG LQ WKHPRVW
HIIHFWLYHZD\RQIDUPV Acacia angustissima SURGXFHGPRUHVKRRWELRPDVVWKDQ
L. pallidaDQGM. scabrellaWKURXJKRXW WKHH[SHULPHQWDOSHULRGDSSOLHGLQ3DSHU
, Mimosa scabrella HVWDEOLVKHGTXLFNO\ DQGSURGXFHG WKHKLJKHVW DPRXQW RI
ELRPDVVLQWKHILUVWKDUYHVWEXWGLGQRWUHJURZVWURQJO\DIWHUWKHWKLUGKDUYHVW
RFFDVLRQ )LJXUH,QFRQWUDVWL. pallida LQLWLDOO\KDGWKHORZHVWVKRRWELRPDVV
SURGXFWLRQEXWLWLQFUHDVHGIURPWKHWKLUGKDUYHVW ZKLFKLVH[SODLQHGE\WKHVORZ
HVWDEOLVKPHQW UHSRUWHG HDUOLHU Acacia angustissima DQG L. pallida VKRZHG
KLJKHU ELRPDVV SURGXFWLRQ WKDQ SUHYLRXVO\ UHSRUWHG 1\RND et al 
$N\HDPSRQJ UHVSHFWLYHO\ ZKHUHDV OHDISURGXFWLRQIRUM. scabrella ZDV
FRQVLGHUDEO\OHVVWKDQWKDWUHSRUWHGE\1LDQJet al
7KH YDULDWLRQV LQ VKRRW ELRPDVV SURGXFWLRQ REVHUYHG EHWZHHQ JURZLQJ
SHULRGV IRUDOO VSHFLHV LQ3DSHU ,ZHUHPRVWSUREDEO\FDXVHGE\YDULDWLRQV LQ
ZHDWKHU HVSHFLDOO\ UDLQIDOO GXULQJ WKH H[SHULPHQW )LJXUH LQ3DSHU , )RU
H[DPSOH WKH ORZHU VKRRW ELRPDVV DW WKH VHFRQG IRXUWK DQG ILIWK KDUYHVWV LV
H[SODLQHGE\ORZHUUDLQIDOOUHFRUGHGGXULQJWKHVHJURZLQJSHULRGVWKDQGXULQJ
WKHILUVWDQGWKLUGSHULRGV7DEOHLQ3DSHU,%LRPDVVSURGXFWLRQZDVFORVHO\
UHODWHGWRWKHQXPEHURIVKRRWVVSURXWHGDIWHUKDUYHVWLQJDQGWKHWROHUDQFHRIWKH
WUHHVSHFLHVWRUHSHDWHGKDUYHVWV)LJXUH7KHQXPEHURIVKRRWVSHUWUHHZDV
QRWDIIHFWHGE\FXWWLQJKHLJKWIRUA. angustissima DQG L. pallida )LJXUHDQG
WKH\VKRZHGVXUYLYDOUDWH)LJXUH+RZHYHUM. scabrellaFXWDWP
VKRZHGWKHKLJKHVWQXPEHURIVKRRWVDW WKHILUVWKDUYHVWIROORZHGE\DVKDUS
GHFOLQHDW ODWHUKDUYHVWV7KHGHFOLQH LQM. scabrella ELRPDVVSURGXFWLRQDQG
VXUYLYDOUDWHGXULQJWKHIRXUWKDQGILIWKUHJURZWKSHULRGVLQGLFDWHVLQDELOLW\RI
WKLV VSHFLHV WR ZLWKVWDQG PXOWLSOH FXWWLQJV 6LPLODUO\ %DNNH et al 
UHSRUWHGQRQDGDSWDWLRQRIMimosa tenuiflora WRDQQXDOSUXQLQJRQVRLOVZLWKD
S+UDQJHRIDQGDWRWDODQQXDOUDLQIDOOUDQJHRIPP'HOD\LQJ
WKHRQVHWRIKDUYHVWLQJ LQFUHDVLQJ WKHKDUYHVW LQWHUYDO DQGSDUWLDOKDUYHVWLQJ
DQGWKXVDYRLGLQJH[FHVVLYHGHSOHWLRQRIFDUERK\GUDWHUHVHUYHVLQWUHHVFRXOG
EHVWUDWHJLHVWRLQFUHDVHVXUYLYDODQGELRPDVVSURGXFWLRQ
/HJXPH WUHHV DUH KDUYHVWHG IUHTXHQWO\ LQ FXWDQGFDUU\ IRGGHU V\VWHPV WR
VXSSOHPHQWORZTXDOLW\OLYHVWRFNGLHWVDQGXVHDVJUHHQPDQXUHIRUVRLOIHUWLOLW\
LPSURYHPHQW$WGLIIHUHQWKDUYHVWLQJRFFDVLRQV3DSHU,OHDI\LHOGIROORZHGWKH
VDPHSDWWHUQDVELRPDVV\LHOGEXWZDVQRWDIIHFWHGE\FXWWLQJKHLJKWZKLOHVWHP
SURGXFWLRQGHFUHDVHGDWPFXWWLQJKHLJKW7DEOHLQ3DSHU,

Figure 8. (IIHFW RI FXWWLQJ KHLJKW DQG KDUYHVW WLPH RQ QXPEHU RI VKRRWV SHU WUHH LQ Acacia 
angustissima, Mimosa scabrella DQGLeucaena pallida DWKDUYHVWWLPH7WR7+FXWWLQJKHLJKW
DW  P + FXWWLQJ KHLJKW DW  P /HDVW VTXDUH PHDQV EDUV ZLWK GLIIHUHQW OHWWHUV DUH
VLJQLILFDQWO\GLIIHUHQWDW3
Figure 9. (IIHFWRIFXWWLQJKHLJKWDQGKDUYHVWWLPHRQVXUYLYDOUDWHVRIAcacia angustissima, 
Mimosa scabrella DQGLeucaena pallida DWKDUYHVWWLPHV7WR7+FXWWLQJKHLJKWDWP
+FXWWLQJKHLJKWDW P/HDVWVTXDUHPHDQV EDUVZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQWO\
GLIIHUHQWDW3
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
7KLVOHGWRFRQVLVWHQWO\KLJKHUDYHUDJHOHDIVWHP UDWLRDWPWKDQPFXWWLQJ
KHLJKW IRU WKH KDUYHVWHG ELRPDVV )RU IRUDJH SODQWV LW LV LPSRUWDQW WKDW WKH
OHDIVWHPUDWLRLVJUHDWHUWKDQ &DODGRet al7KLVUDWLRH[HUWVDJUHDW
LQIOXHQFH ZLWK UHJDUG WR DQLPDO QXWULWLRQ VLQFH WKH QXWULHQW FRQWHQW DQG
GLJHVWLELOLW\DUHJHQHUDOO\KLJKHULQOHDYHVWKDQLQVWHPV&DVDQRYD/XJRet al
)RU WKH WKUHHVSHFLHV WHVWHGLQ3DSHU, OHDIVWHP UDWLR ZDV !DWERWK
FXWWLQJKHLJKWV LQDOOWKHFDVHV H[FHSWWKDWL. pallida KDGDOHDIVWHP UDWLRDW
PFXWWLQJKHLJKW
2YHUDOOA. angustissima DQGL. pallida SHUIRUPHGZHOODWERWKFXWWLQJKHLJKWV
DQGUHSHDWHGKDUYHVWWLPHVZLWKWKHKLJKHVWWRWDOELRPDVVDQGOHDISURGXFWLRQLQ
A. angustissima2QWKHRWKHUKDQGWKH SRRUSHUIRUPDQFHRIM. scabrella DWODWHU
KDUYHVWVVXJJHVWVWKDW WKLVVSHFLHVLVQRWXVHIXOIRUIRGGHUSURGXFWLRQXQGHUWKHVH
DJURHFRORJLFDO FRQGLWLRQV 7KLV VSHFLHV FRXOG SRVVLEO\ EH PRUH XVHIXO IRU
VXSSO\LQJRWKHUWUHHSURGXFWVVXFKDVIXHOZRRGEXLOGLQJSROHVDQGVWDNHV IRU
FOLPELQJFURSV
 4XDOLW\DQGGLJHVWLELOLW\RISXUHVSHFLHVDQGIHHG
PL[WXUHV3DSHUV,DQG,,
7KHQXWULWLYHYDOXHRIDQLPDO IHHG LVD IXQFWLRQRI WKHFKHPLFDOFRPSRVLWLRQ
PDLQO\FUXGHSURWHLQ&3DQGILEUHIHHGGLJHVWLELOLW\DQGYROXQWDU\LQWDNHDQG
WKHVH GHSHQGRQWKHSODQWVSHFLHVDQGPDQDJHPHQWSUDFWLFH7KH&3FRQWHQWZDV
KLJKLQDOOVSHFLHVDQDO\VHGLQWKLVWKHVLVDQGZDVQRWDIIHFWHGE\FXWWLQJKHLJKW
+RZHYHUZKHQPHDVXUHGDFURVVDOOVSHFLHVDQGKDUYHVWVWKHKLJKHVWYDOXHVRI
1') $') DQG WRWDO SRO\SKHQROV ZHUH REVHUYHG DW  P FXWWLQJ KHLJKW
DOWKRXJKGLIIHUHQFHVLQJHQHUDOZHUHQRWVLJQLILFDQWIRU LQGLYLGXDOKDUYHVWVRU
VSHFLHV7DEOHSDSHU,
7KH &3 FRQWHQW LQ A. angustissima DQG L. pallida ZDV KLJKHU WKDQ WKDW
UHSRUWHGE\$EGXOUD]DNet al IRUGLIIHUHQWAcacia spp$QGWKDWUHSRUWHG
E\0XWLPXUDet alIRUL. pallida 7KLVGLIIHUHQFHLQ&3PD\H[SODLQHG
E\FOLPDWHDWWKHWLPHRIVDPSOLQJ /HH 7KHUDQJHRI&3FRQWHQWREVHUYHG
IRUM. scabrella 7DEOH 3DSHU,,ZDVQRWIDUIURPWKDWUHSRUWHGE\1LDQJet al
,QDOOFDVHVWKH&3FRQWHQWRIWKHOHDI\IUDFWLRQRIA. angustissima L. 
pallida DQG M. scabrella DW ERWK FXWWLQJ KHLJKWV ZDV JUHDWHU WKDQ  D
WKUHVKROGYDOXHXVHGWRFODVVLI\SULPHIRGGHU.DPDQ]LDQG0DSL\H
0L[LQJA. angustissima L. pallidaDQGM. scabrellaZLWKWKHEDVDOJUDVVGLHW
Chloris gayanaLQFUHDVHGWKHGLHWDU\&3FRQWHQWIURPDQLQLWLDOLQWKH
JUDVVWRDQGUHVSHFWLYHO\)LJXUH

Figure 10. (IIHFWRIAcacia angustissima , Mimosa scabrella  DQG Leucaena pallida FXWDWP
DQGPKHLJKWRQFUXGHSURWHLQ&3QHXWUDOGHWHUJHQWILEUH1')DFLGGHWHUJHQWILEUH$')
DQG WRWDOSRO\SKHQRO 73FRQWHQW LQDPL[HG OHJXPHJUDVV Chloris gayana IHHG/HDVWVTXDUH
PHDQVEDUVZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWDW3
7KHILEUHFRQWHQW 1')DQG$') LQ DOO WKUHHVSHFLHVZDVKLJKHU WKDQ LQ WKH
JUDVV)LJXUHDQGKLJKHUWKDQ PRVWOLWHUDWXUHYDOXHV 0XWLPXUDet al
5XEDQ]Det al+RYHet alEXWORZHUWKDQWKDWUHSRUWHGE\'LULED
et al  +LJKHU1') DQG$') FRXOG EH GXH SDUWO\ WR WKH SUHVHQFH RI
SHWLROHVLQWKHOHDI\VDPSOHV7RSSV DWWULEXWHG KLJKHUYDOXHVRIFHOOZDOO
IUDFWLRQV LQ IRUDJH WR LQFOXVLRQ RI ZRRG\ WZLJV GXULQJ WKH DQDO\VLV 7RWDO
SRO\SKHQROFRQWHQWZDVPXFKORZHUWKDQUHSRUWHGE\5XEDQ]Det al IRU
A. angustissima JURZQLQ7DQ]DQLDDQGE\0XWLPXUDet al IRUL. pallida
JURZQLQ5ZDQGD+RZHYHUWKHYDOXHVZHUHVLPLODUWRWKRVHIRXQGE\RWKHUV
0RNRERNL5XEDQ]Det alIRU$FDFLDVSSDQGEURZVHWUHHVSHFLHV
6DOHPet al FODVVLILHGDVJRRGVXSSOHPHQWVIRUORZFUXGHSURWHLQIRUDJH
)XUWKHUPRUHGXHWRWKHWRWDOSRO\SKHQROFRQWHQWEHLQJEHORZWKHWKUHVKROG
VXJJHVWHGE\+DLOHDQG7HVIDPDUDLDP IRUJUHHQPDQXUH IRU FURSV WKH
WUHHOHJXPHVDQDO\VHGLQWKLVWKHVLVFDQDOVREHYDOXDEOHDVJUHHQPDQXUHVWKXV
SURYLGLQJ DQRWKHU SRWHQWLDO XVH RQ IDUPV +RZHYHUA. angustissima DQG L.
pallida LQFUHDVHGWKH1')DQG$')FRQWHQWLQWKHPL[HGGLHWFRPSDUHGZLWK
JUDVVDORQH
7KH in vitro RUJDQLFPDWWHU GLJHVWLELOLW\ ,920' RI WKHPL[HG GLHWZDV
IRXQG WR EH LQWHUPHGLDWH EHWZHHQ WKDW RI SXUH OHJXPHV DQG JUDVV0DXULFLR
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
VXJJHVWVWKDWWKHPDLQFKHPLFDOFRPSRQHQWVLQYROYHGLQIHUPHQWDWLRQDUH
SURWHLQV FDUERK\GUDWHV DQG FHOOXORVH $OO WKH IHHG PL[WXUHV LQ 3DSHU ,
LUUHVSHFWLYHRIFXWWLQJKHLJKWKDG&3!JNJ'0ZKLFKH[FHHGVWKHOHYHO
UHTXLUHG WR DOORZ JURZWK RI UXPHQ PLFURRUJDQLVPV UHVSRQVLEOH IRU IHHG
IHUPHQWDWLRQ 'DO 3L]]RO et al  +RZHYHU WKH KLJKHU 1') DQG $')
FRQWHQWLQWKHIHHGPL[WXUHVFRXOGOLPLWWKHLUSRWHQWLDODVDVXSSOHPHQWWRORZ
TXDOLW\IHHGVE\OLPLWLQJIHHGLQWDNHWKURXJKSK\VLFDOILOOHIIHFWV0F'RQDOGet
al7KLVHIIHFWZRXOGEHPRUHSURQRXQFHGIRUA. angustissimaDQGM. 
scabrella FXWDWPVLQFHWKH\KDGWKHKLJKHVW1')FRQWHQW1HYHUWKHOHVVWKH
VSHFLHVFRXOGEHXVHGDVVXSSOHPHQWVWRORZTXDOLW\JUDVVGLHWV
 (IIHFWRIVXSSOHPHQWLQJFDWWOHIHHGRQPDQXUHTXDOLW\
3DSHU,,,
7KHFRPSRVLWLRQRIPDQXUHGHSHQGVODUJHO\RQWKHDQLPDOGLHWDQLPDOVSHFLHV
DQGWKHZD\VLQZKLFKWKHPDQXUHLVFROOHFWHGVWRUHGDQGDSSOLHG %D\Xet al
 6XSSOHPHQWLQJ Chloris gayana JUDVV ZLWK A. angustissima OHDYHV
LPSURYHG WKH TXDOLW\ RI WKH PDQXUH SURGXFHG E\ FDWWOH E\ LQFUHDVLQJ WKH
FRQFHQWUDWLRQRIQLWURJHQFDUERQFDOFLXPPDJQHVLXPDQGSRWDVVLXP7DEOH
,QFUHDVHGQXWULHQWFRQFHQWUDWLRQVLQWKHPDQXUHGHULYHGIURPPL[HGIHHGRIC.
gayana DQG A. angustissima ZHUH WKH UHVXOW RI WKH HQKDQFHG QXWULHQW
FRQFHQWUDWLRQVIRXQGLQWKHPL[HGIHHG3DSHU,,
7KH ILQGLQJV LQ WKLV WKHVLV DUH WKXV LQ OLQHZLWK/HNDVLet al ZKR
UHSRUWHGDOLQHDUUHODWLRQVKLSEHWZHHQQLWURJHQLQWDNHDQGQLWURJHQH[FUHWLRQLQ
IDHFHVDQGXULQH7KHILQGLQJVLQWKLVWKHVLVDQGWKRVHUHSRUWHGE\/HNDVLHWDO
 DQG0XLQJD et al  DOVR VXJJHVW WKDW GLHWV ZLWK KLJKHU SURWHLQ
FRQFHQWUDWLRQVFDQUHVXOWLQPDQXUHVZLWKKLJKHUFRQFHQWUDWLRQVRIQLWURJHQ)RU
WKLVWREHDFKLHYHGKRZHYHUWKHDGGLWLRQDOQLWURJHQDQGRWKHUQXWULHQWVPXVW
EHUHWDLQHGGXULQJPDQXUHKDQGOLQJDQGVWRUDJHDQGDVPXFKXULQHDVSRVVLEOH
PXVWEHFROOHFWHGZLWKWKHIDHFHV$FFRUGLQJWR0DIRQJR\Det al.XSWR
 RI QLWURJHQ DQG  RI SKRVSKRUXV LQ PDQXUH DUH ORVW GXH WR SRRU
PDQDJHPHQWLQ VPDOOKROGHUIDUPLQJ6WRULQJPDQXUHLQKHDSVKDVEHHQVKRZQ
WRPDLQWDLQWKHQLWURJHQFRQFHQWUDWLRQDWDKLJKHUOHYHOWKDQLQXQKHDSHGVWRUHG
PDQXUH0DIRQJR\Det al0DQXUHVWRUDJHLQSODVWLFFRYHUHGKHDSVDV
LQ WKLV WKHVLV SURYHG WR EH VXIILFLHQWO\ HIILFLHQW LQ UHWDLQLQJ ORVVHV DOORZLQJ
GLIIHUHQFHVFDXVHGE\GLHWVXSSOHPHQWDWLRQWREHUHYHDOHG6WRUDJHLQSODVWLFPD\
EHDIIRUGDEOHIRUPDQ\VPDOOKROGHUIDUPHUV

7DEOH Chemical composition (per unit mass after drying at 70oC) of different manures obtained 
from cattle fed on grass only diet or a mixed grass+legume   
0DQXUH SURSHUWLHV $SSOLFDWLRQUDWHVRI PDQXUH
8QLW *UDVV *UDVVOHJXPH 8QLW *UDVV *UDVVOHJXPH
S++2  
&  E D WKD  
1  E D NJKD  
&1  
3 J NJ   NJKD  
&D JNJ E D NJKD  
0J JNJ E D NJKD  
. JNJ E D NJKD  
1D JNJ E D NJKD  
*UDVV PDQXUH IURP Chloris gayana JUDVV RQO\ *UDVVOHJXPH 0DQXUH IURP C. gayana
VXSSOHPHQWHGZLWKA. angustissima'DWDSUHVHQWHGDUH/HDVW6TXDUH0HDQVIRUWKHIRXUVHDVRQV
ZKHUHYDOXHVIROORZHGE\WKHVDPHOHWWHUVDUHQRWVLJQLILFDQWO\GLIIHUHQW3
 (IIHFWRIPDQXUH13.IHUWLOLVHUDQGOLPLQJRQVRLO
SURSHUWLHV3DSHU,,,
6RLODQDO\VLVEHIRUHWKHVWDUWRIWKHH[SHULPHQWVVKRZHGWKDWWKHVRLODWWKHVWXG\
VLWH ZDV YHU\ DFLGLF S+    ZLWK ORZ VRLO RUJDQLF FDUERQ QLWURJHQ
SKRVSKRUXVSRWDVVLXPFDOFLXPDQGPDJQHVLXPFRQFHQWUDWLRQVDQGORZ&(&
7DEOH  7KXV WKH VRLO VWDWXV ZRXOG EH H[SHFWHG WR UHVWULFW FURS JURZWK
+D]HOWRQ DQG0XUSK\ +RZHYHU VRLO SDUDPHWHUV LPSURYHG JUDGXDOO\
DIWHU PDQXUH 13. DQG OLPH WUDYHUWLQH DSSOLFDWLRQ DW WKH PDL]H SODQWLQJ
VWDWLRQV
 (IIHFWRQVRLOZDWHUKROGLQJFDSDFLW\DQGLQILOWUDWLRQUDWH
6RLO LQILOWUDWLRQ UDWH DQG ZDWHUKROGLQJ FDSDFLW\ :+& LQFUHDVHG ZLWK WKH
PDQXUH WUHDWPHQW FRPSDUHGZLWK13. IHUWLOLVDWLRQ DQG WKH FRQWURO WUHDWPHQW
)LJXUHLQ3DSHU,,,&KDQJHVLQVRLOSK\VLFDOSURSHUWLHVZLWKRUJDQLFPDQXUH
WUHDWPHQWKDYHDOVREHHQUHSRUWHGE\RWKHU UHVHDUFKHUV /Let al%D\Xet
al+D\QHVDQG1DLGX,Q3DSHU,,,WKHFKDQJHVDJUHHG ZLWK62&
FRQFHQWUDWLRQ LQ WKH PDQXUH WUHDWPHQWV 6RLO RUJDQLF FDUERQ LQFUHDVHV WKH
VWDELOLW\RIDJJUHJDWHVWKHIUHTXHQF\RIPDFURSRUHVDQGVRLOSRURVLW\/Let al
 WKXV LQFUHDVLQJ WKH VRLO LQILOWUDWLRQ UDWH 6RLO ZDWHU VWRUDJH FDQ EH
H[SHFWHGWRLQFUHDVHZLWK62&FRQWHQWZKLFKJHQHUDOO\LQFUHDVHV WKH:+&DQG

HVSHFLDOO\ WKH SODQW DYDLODEOHZDWHU WKURXJK LPSURYLQJ WKH SRUH GLVWULEXWLRQ
*LOOH\et al)UDQ]OXHEEHUV ,QFUHDVHGLQILOWUDWLRQUDWHFDQUHGXFH
ZDWHUORVVHVE\UXQRIIDQGWRJHWKHUZLWKLQFUHDVHGVRLO:+&FDQLQFUHDVHWKH
DPRXQWRIZDWHUDYDLODEOHWR SODQWVLQFUHDVHQXWULHQWVROXELOLW\DQGDYDLODELOLW\
DQGHQKDQFHVRLOPLFURELDODFWLYLW\7KHLQFUHDVHGZDWHUVWRFNFDQVXVWDLQWKH
FURS WKURXJK GU\ VSHOOV GXULQJ WKH JURZLQJ VHDVRQ ZKLFK DUH RWKHUZLVH D
FKDOOHQJHLQUDLQIHGDJULFXOWXUH
 (IIHFWRQVRLODFLGLW\
0DQXUHDQGOLPHDSSOLFDWLRQLQFUHDVHGVRLOS+DQGGHFUHDVHGWRWDOH[FKDQJHDEOH
DFLGLW\ 7($ DQG H[FKDQJHDEOH $O FRPSDUHG ZLWK WKH EDVHOLQH SULRU WR
WUHDWPHQW DQGQRQIHUWLOLVHG WUHDWPHQWV)LJXUH7KHVHILQGLQJVDUHLQOLQH
ZLWKSUHYLRXVUHSRUWVRIDQLQFUHDVHLQS+DIWHUPDQXUHDSSOLFDWLRQ1DUDPDEX\H
DQG+D\QHVE:KDOHQet al(JKEDOO7KHLQFUHDVHLQVRLOS+
DQGGHFUHDVHLQ7($DQGH[FKDQJHDEOH$O UHVXOWLQJIURPPDQXUHDSSOLFDWLRQ
ZDVVLPLODUWRWKDWRIOLPLQJXVLQJWUDYHUWLQHVXSSRUWLQJWKHVWDUWLQJK\SRWKHVLV
WKDW PDQXUH SURYLGHV D OLPLQJ DQG IHUWLOLVHU HIIHFW FRPSDUDEOH WR WKDW RI
FRPELQHG 13. IHUWLOLVHU DQG OLPH DSSOLFDWLRQ IRU VRLO LPSURYHPHQW 7KH
DSSOLFDWLRQRIWUDYHUWLQHUHVXOWHGLQDQLQFUHDVHLQVRLOS+RIS+XQLWVDIWHU
WKHILUVWFURSSLQJVHDVRQ7KLVZDVVLPLODUWRWKDWGHWHFWHGE\1GXZXPXUHP\L
et al ZHHNVDIWHUDSSOLFDWLRQRIWWUDYHUWLQHKD S+XQLWV
$OWKRXJKWKHPDQXUHDQGOLPHDWWKHDSSOLHGUDWHVLQFUHDVHGWKHVRLOS+IURP
H[WUHPHO\ DFLGLF S+  WR VWURQJO\ DFLGLF S+ EHWZHHQ  WR 
0F)HUODQGet alRYHUWKHWZR\HDUVWKHS+GLGQRWUHDFKWKHYDOXHDW
ZKLFK DOXPLQLXP WR[LFLW\ LV VXEVWDQWLDOO\ DOOHYLDWHG S+! +D]HOWRQ DQG
0XUSK\1HYHUWKHOHVV LQ WKHORQJHU WHUPWKHSUDFWLFH RIPLFURGRVLQJ
PDQXUHZRXOGEHSURJUHVVLYHO\EHQHILFLDOIRUVRLOIHUWLOLW\DQGFURSSURGXFWLRQ
IRUIDUPHUVZLWKOLPLWHGFDSDFLW\WRSXUFKDVHOLPHDQGREWDLQFDWWOHPDQXUH
7KHVRLOS+LQWKHQRQOLPHG13.WUHDWPHQWZDVVLPLODUWRWKDWLQWKHFRQWURO
DQGWKHEDVHOLQH VRLOSULRUWRWUHDWPHQW$PPRQLXPEDVHG13.IHUWLOLVHUVDUH
NQRZQWREHSRWHQWLDOO\DFLGLI\LQJ 6XFKDFLGLILFDWLRQVHHPHGWREHLQVLJQLILFDQW
DWWKHVWXG\VLWH XVHG LQWKLVWKHVLV ZRUNSUREDEO\GXHWRWKHORZS+OLPLWLQJWKH
QLWULILFDWLRQ SURFHVV $FFRUGLQJ WR 6DKUDZDW  VWDWHG WKDW VXEVWDQWLDO
QLWULILFDWLRQ WDNHVSODFH LQ VRLO DWS+ UDQJLQJEHWZHHQDQGZLWK WKH
RSWLPXPDURXQGDQGWKDWQLWULILFDWLRQLVVHYHUHO\FXUWDLOHGDWVRLOS+OHVV
WKDQ7KHORZRULJLQDOS+DWWKHH[SHULPHQWDOVLWHPD\WKXVKDYHSUHFOXGHG
IXUWKHUDFLGLILFDWLRQWKURXJKQLWULILFDWLRQDQRWKHUZLVHFRPPRQFKDOOHQJHLQWKH
UHJLRQZKHUHXUHDDQGDPPRQLXPEDVHGIHUWLOLVHUVGRPLQDWHWKHPDUNHW

Figure 11. (IIHFWRIPDQXUH13.IHUWLOLVHUDQGOLPHRQVRLOWRWDOH[FKDQJHDEOH DFLGLW\DOXPLQLXP
DQGS+'DWDVKRZQDUHOHDVWVTXDUHPHDQVIRUWKHIRXUWKFURSSLQJVHDVRQ0HDQVZLWKER[HVZLWK
WKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3
 (IIHFWRQVRLORUJDQLFFDUERQDQGFDWLRQH[FKDQJHFDSDFLW\
7KHPDQXUHDQG13.WUHDWPHQWVLQFUHDVHG62&DQG&(&FRPSDUHGZLWKWKH
FRQWURO WUHDWPHQWV )LJXUH  7KLV LQFUHDVH LQ 62& DQG &(& FRUURERUDWHV
ILQGLQJV LQ JHQHUDO RI +D\QHV DQG1DLGX  DQG WKRVH RI$GDPV et al
 ZLWK UHGXFHG IHUWLOLVHU LQ SDUWLFXODU 7KH KLJK YDOXHV LQ WKH PDQXUH
WUHDWPHQWZHUHPDLQO\DVVRFLDWHGZLWKWKHRUJDQLFFDUERQLQWKHPDQXUHLWVHOI
EXW DOVR ZLWK LQFUHDVHG DERYH DQG EHORZ JURXQG ELRPDVV SURGXFWLRQ 7KH
VOLJKWLQFUHDVHLQ62&ZLWK13.IHUWLOLVHULVOLNHO\GXHWRWKHLQFUHDVHGELRPDVV
SURGXFWLRQ$V&(& LV FORVHO\ UHODWHG WR62&FRQWHQW LW FDQEHH[SHFWHG WR
FKDQJHZLWK62&FRQWHQWDQGWKLVZDVFRUURERUDWHGLQWKLVWKHVLV6RLORUJDQLF
PDWWHUDFWVDVDVRXUFHDQGVLQNIRUSODQWQXWULHQWV0DLQWHQDQFHRI62&OHYHOV
WKURXJKPDQXUHDSSOLFDWLRQ OHDYLQJFURS UHVLGXHV LQ WKH ILHOGDQGHQKDQFLQJ
FURSELRPDVVSURGXFWLRQWKURXJKJRRGFURSPDQDJHPHQWUHVXOWVLQUHWHQWLRQDQG
VWRUDJHRIQXWULHQWV,WDOVRLQFUHDVHVDJJUHJDWHVWDELOLW\DQGWKHUHE\LPSURYHV
VRLOPDFURVWUXFWXUHLQILOWUDWLRQDQGZDWHUKROGLQJFDSDFLW\%D\Xet aO
DVGLVFXVVHGDERYH
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Figure 12. (IIHFW RIPDQXUH13. IHUWLOLVHU DQG OLPHRQ VRLO RUJDQLF FDUERQ 62& DQG FDWLRQ
H[FKDQJHFDSDFLW\ &(&'DWDVKRZQDUHOHDVWVTXDUHPHDQVIRU WKHIRXUWKFURSSLQJVHDVRQ0HDQV
ZLWKER[HVZLWKWKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3
 (IIHFWRQ VRLOQXWULHQWV
&DWWOHPDQXUHDQG13.IHUWLOLVHULQFUHDVHGWKHOHYHORIPRVWQXWULHQWVFRPSDUHG
ZLWK WKH EDVHOLQH DQG WKH FRQWURO WUHDWPHQWV 7RWDO QLWURJHQ DQG DYDLODEOH
SKRVSKRUXV FRQWHQW LQFUHDVHG LQPDQXUH DQG13. WUHDWPHQWV FRPSDUHGZLWK
EDVHOLQH DQG WKH XQIHUWLOLVHG FRQWURO )LJXUH  +RZHYHU WKHUH ZDV QR
GLIIHUHQFHEHWZHHQ WKHPDQXUH DQG13. IHUWLOLVHU WUHDWPHQWV DV UHJDUGV WRWDO
QLWURJHQ7KHLQFUHDVHLQVRLOWRWDOQLWURJHQDQGDYDLODEOHSKRVSKRUXVSURYLGHV
VXSSRUWIRUWKHK\SRWKHVLVWKDWPDQXUHFDQ LPSURYHVRLOIHUWLOLW\DVHIILFLHQWO\DV
13.IHUWLOLVHUDQGDOVRSURYLGHVDOLPLQJHIIHFW$QLQFUHDVHLQWRWDOQLWURJHQ
DQGDYDLODEOHSKRVSKRUXVLQVRLOZLWKPDQXUHDSSOLFDWLRQKDVDOVREHHQUHSRUWHG
E\:KDOHQet al,QDGGLWLRQWRWKHLQFUHDVHLQQLWURJHQSKRVSKRUXVDQG
SRWDVVLXP PDQXUH DSSOLFDWLRQ LQFUHDVHG H[FKDQJHDEOH FDOFLXP &D DQG
PDJQHVLXP0JFRQFHQWUDWLRQVDWWKHPDL]HSODQWLQJVWDWLRQVLQGLFDWLQJWKDW
PDQXUHSOD\HGDVXEVWDQWLDOUROHLQSURYLVLRQRI&D DQG0J HLWKHUGLUHFWO\
DQGRUE\LQIOXHQFLQJWKHLUDYDLODELOLW\WKURXJKSURYLVLRQRIH[FKDQJHVLWHVRQ
VRLORUJDQLFPDWWHU 0XOLDet al 2YHUDOO WKH UHVXOWVVKRZWKDWPLFUR
GRVLQJ DQLPDO PDQXUH LPSURYHG WKH JHQHUDO VRLO IHUWLOLW\ SDUDPHWHUV DW WKH
SODQWLQJVWDWLRQV+RZHYHUWKHHQKDQFHGPDQXUHTXDOLW\GHULYHGIURPIRGGHU
VXSSOHPHQWDWLRQGLGQRWFDUU\WKURXJKWRGHWHFWDEOHGLIIHUHQFHVLQVRLOTXDOLW\
GXULQJWKHFRXUVHRIWKHH[SHULPHQW
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Figure 13. (IIHFWRIPDQXUH13.IHUWLOLVHUDQGOLPHRQWRWDOQLWURJHQ DQGDYDLODEOHSKRVSKRUXV
'DWDVKRZQDUHOHDVWVTXDUHPHDQV IRU WKHIRXUWKFURSSLQJVHDVRQ 0HDQVZLWKLQER[HVIROORZHG
E\WKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3
 (IIHFWRIPDQXUH13.IHUWLOLVHUDQGOLPLQJRQPDL]H
\LHOG
7KHUHVXOWVSUHVHQWHG LQ WKLV WKHVLVDUH IRU WKUHHFURSSLQJVHDVRQVRXWRI IRXU
VWXGLHG EHFDXVH WKH ILUVW PDL]H FURS IDLOHG GXH WR GURXJKW 'XULQJ WKH
VXEVHTXHQW WKUHH JURZLQJ VHDVRQV PDQXUH DQG 13. IHUWLOLVHU WUHDWPHQWV
LQFUHDVHGQXPEHURIPDL]HOHDYHVSODQWKHLJKW63$'YDOXHVDQGPDL]H\LHOG
FRPSDUHG ZLWK WKH FRQWURO WUHDWPHQW )LJXUH $ LQ 3DSHU ,9 :LWK 13.
IHUWLOLVHU VXSSO\LQJ  NJ1 KD WKHUH ZDV D PDL]H JUDLQ DQG VWRYHU \LHOG
LQFUHDVHIURPWKHVHFRQGVHDVRQFRPSDUHGWRPDQXUHDQGXQIHUWLOLVHGFRQWURO
)LJXUHDWKHLQFUHDVHLQPDL]HJUDLQZDVWRIROG WRWKDDQGWKDWRI
VWRYHU DSSUR[LPDWHO\IROGLQVHDVRQ FRPSDUHGZLWKWKHXQIHUWLOLVHGFRQWURO
)LJXUH $ LQ 3DSHU ,9 7KLV LQFUHDVH LQ PDL]H \LHOG FRPSDUHG ZLWK WKH
XQIHUWLOLVHGFRQWUROWUHDWPHQWXSRQ13.IHUWLOLVDWLRQVKRZVWKDWWKHVRLODWWKH
H[SHULPHQWDOVLWHLVUHVSRQVLYHWRIHUWLOLVHUDSSOLFDWLRQ,WDOVRVXJJHVWVWKDWRWKHU
QXWULHQWVLQWKHVRLOZHUHSUHVHQWLQVXIILFLHQWDPRXQWVIRUFURSGHPDQGDWOHDVW
GXULQJWKHWKUHHFURSSLQJVHDVRQVVWXGLHG
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Figure 14a. (IIHFWRIPDQXUH13.IHUWLOLVHUDQGOLPHRQPDL]HJUDLQ DQGVWRYHU\LHOG'DWDVKRZQ
DUHOHDVWVTXDUHPHDQVIRUWKUHH FURSSLQJVHDVRQ0HDQVZLWKLQER[HVIROORZHGE\WKHVDPHOHWWHU
DUHQRWVLJQLILFDQWO\GLIIHUHQWDW3
Figure 14b. (IIHFWRIJUDVVRQO\JUDVVOHJXPHPDQXUH DQGOLPHRQPDL]HJUDLQDQGVWRYHU\LHOG
'DWDVKRZQDUHOHDVWVTXDUHPHDQVIRUWKUHHFURSSLQJVHDVRQ0HDQVZLWKLQER[HVIROORZHGE\WKH
VDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3

&DWWOH PDQXUH RQ VPDOOKROGHU IDUPV LQ VXE6DKDUDQ $IULFD LV IUHTXHQWO\
FKDUDFWHULVHG E\ORZQXWULHQWFRQFHQWUDWLRQV0XJZLUDDQG0XNXUXPELUD
/HNDVLet al DQGVORZQXWULHQWUHOHDVH7KHUHIRUH FDWWOHPDQXUHPD\QHHG
WREHDSSOLHG IRU VHYHUDOJURZLQJ VHDVRQVEHIRUH\LHOGV LQFUHDVH VLJQLILFDQWO\
1\DPDQJDUDet al'XHWRWKHORVVRIWKHPDL]HFURSLQWKHILUVWJURZLQJ
VHDVRQWKHHIIHFWRIPDQXUHDSSOLFDWLRQLQWKDWVHDVRQZDVQRWHYDOXDWHGLQWKLV
WKHVLV +RZHYHU WKH \LHOG LQFUHDVHG VLJQLILFDQWO\ IURP WKH VHFRQG VHDVRQ
VXJJHVWLQJ D UHODWLYHO\ UDSLG QXWULHQW VXSSO\ IURP WKH PDQXUH 7KH KLJKHVW
QLWURJHQVXSSO\63$'UHDGLQJVDQG\LHOGZHUH IRXQG LQ WKH13.WUHDWPHQW
+RZHYHU FRQVLGHULQJ WKDW VRPH QLWURJHQ DQG SKRVSKRUXV ZHUH KHOG LQ WKH
RUJDQLFIUDFWLRQRIWKH PDQXUHDQGWKDWWKHPDQXUHGRVHZDVRQO\WGU\ZHLJKW
KD  RI UHFRPPHQGHG GRVH WKH PDL]H \LHOG LQFUHDVH LQ WKH PDQXUH
WUHDWPHQWZDV FRQVLGHUDEOH:KHUH LQVXIILFLHQWPDQXUH DYDLODELOLW\ SUHFOXGHV
VXIILFLHQWDSSOLFDWLRQUDWHVWRDFKLHYHWKLVRQDZLGHUVFDOHPLFURGRVLQJPDQXUH
RU RWKHU RUJDQLF VRLO DPHQGPHQWV PD\ EH D ZD\ WR HQKDQFH WKH URRWLQJ
HQYLURQPHQWDQGVXUYLYDORIWKH\RXQJFURSSODQWVDQGUHWDLQKLJKHUFURSGHQVLW\
RQILHOGV
0DQXUH TXDOLW\ LQ WHUPV RI QLWURJHQ DQG EDVH FDWLRQ FRQFHQWUDWLRQVZDV
HQKDQFHGE\WKHLQFOXVLRQRIA. angustissima LQWKHPL[HGGLHWIRUFDWWOH. 7KLV
GLGQRW VLJQLILFDQWO\ LQFUHDVH\LHOGGXULQJ WKH ILUVW WZR VHDVRQVEXW LWGLG VR
GXULQJWKHIRXUWKVHDVRQ )LJXUHEVXJJHVWLQJDEHQHILWIURPWKHLPSURYHG
PDQXUHTXDOLW\LQWKHORQJHUWHUP$QHQKDQFHGIHUWLOLVHUHIIHFWRIWKHPDQXUH
SURGXFHG E\ DQLPDOV IHG LPSURYHG IHHGPD\ EH D SRVLWLYH VLGHHIIHFW RI WKH
LQFUHDVHG SURGXFWLRQ OHYHO SURYLGHG WKDW WKH LQFUHDVHG QXWULHQW SDUWLFXODUO\
QLWURJHQFRQFHQWUDWLRQVLQIDHFHVDQGXULQHFDQEHUHWDLQHGLQWKHPDQXUHGXULQJ
KDQGOLQJDQGVWRUDJH
0DL]H LV JHQHUDOO\ FRQVLGHUHG WR VXIIHU DW VRLO S+ EHORZ  /LGRQ DQG
%DUUHLURDQG OLPLQJRIVRLOVPD\EHQHHGHGDWS++2 )DLUKXUVW
 7KH VPDOO GLIIHUHQFH LQ \LHOG REVHUYHG EHWZHHQ OLPHG DQG QRQOLPHG
WUHDWPHQWVVXJJHVWVWKDWVRLOS+ZDVQHYHUWKHOHVVQRWD PDMRU OLPLWLQJIDFWRUIRU
WKHPDL]HYDULHW\XVHG LQ3DSHU ,9DQG WKHFDSDFLW\RI WKHPDQXUH WRDIIHFW
PDL]HSHUIRUPDQFHDQG\LHOGYLDUDLVHGS+ZDVQRWWUXO\WHVWHG
0DQ\ VWXGLHV KDYH VKRZQ LQFUHDVHG FHUHDO FURS \LHOGV IROORZLQJ PLFUR
GRVLQJRILQRUJDQLFIHUWLOLVHUe.g +D\DVKLet al7ZRPORZet al
$XQHDQG2XVPDQ%DJD\RNRet al 0DQXUHPLFURGRVLQJKDV
EHHQ OHVV ZHOO VWXGLHG 6LQFH PDQXUH LV D YDOXDEOH DQG OLPLWHG UHVRXUFH
DSSOLFDWLRQE\PLFURGRVLQJFRXOGEHWKHPRVWHIILFLHQWZD\WRPDNHXVHRIWKLV
UHVRXUFH'LIIHUHQFHVLQDSSOLFDWLRQWHFKQRORJ\ZHUHQRWWHVWHGLQ3DSHU,9EXW
WKHLQFUHDVHREVHUYHGLQPDL]HJURZWKDQG\LHOGLQUHVSRQVHWRPDQXUHPLFUR
GRVLQJFRQILUPVILQGLQJVE\0XJZLUDet al.WKDW VPDOODPRXQWVRIPLFUR

GRVHGPDQXUHDUHHIILFLHQWLQUDLVLQJ\LHOGV,EUDKLPet al DOVRUHSRUWHG
DSRVLWLYHHIIHFWRIPDQXUHPLFURGRVLQJZKHQLWZDVFRPELQHGZLWKLQRUJDQLF
IHUWLOLVHUPLFURGRVLQJ
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
$JULFXOWXUHFRQWULEXWHVWRPRUHWKDQRQHWKLUGRIWKHJURVVGRPHVWLFSURGXFWLQ
5ZDQGD,WDOVRPHHWVSHUFHQWRIQDWLRQDOIRRGQHHGVZLWKSHUFHQWRIWRWDO
HPSOR\PHQW7KHUDSLGO\LQFUHDVLQJSRSXODWLRQSUHVVXUHRQWKHDYDLODEOHODQG
KDV OHG WR ODQG GHJUDGDWLRQ DQG WR ORVV RI SURGXFWLYLW\ RI DUDEOH ODQGV DQG
LQFUHDVHG IRRG LQVHFXULW\ $FKLHYLQJ IRRG VHFXULW\ ZKLOH SUHYHQWLQJ IXUWKHU
H[SDQVLRQRIDJULFXOWXUDOODQG LVDPDMRULVVXHIRUWKHFRXQWU\¶VSROLF\PDNHUV
7KXVIDUPSURGXFWLRQQHHGWREHLQFUHDVHGZLWKLPSURYHGDJULFXOWXUDOSUDFWLFHV
6RLODFLGLW\LVDOVRDFRQVWUDLQWWRDJULFXOWXUDOSURGXFWLRQLQ5ZDQGD7ZR
WKLUGVRIWKHFXOWLYDWHGVRLOVDUHDFLGLFZLWKKDOIRIWKHVHVRLOVKDYLQJDS+OHVV
WKDQ/LPHVKDYHEHHQDGYRFDWHGIRUDORQJWLPHDVDPHDQVRIDOOHYLDWLQJ
VRLODFLGLW\DQGLPSURYHVRLOTXDOLW\DQGFURSSURGXFWLRQEXWWKHLUDSSOLFDWLRQ
DWUDWHVUHFRPPHQGHGE\DJULFXOWXUDOUHVHDUFKLVFRQVWUDLQHGE\KLJKFRVWVIRU
VPDOOKROGHUIDUPHUV2UJDQLFDPHQGPHQWVSDUWLFXODUO\FDWWOHPDQXUHFDQEHD
UHSODFHPHQWRU VXSSOHPHQWDU\PDWHULDO WRERWKPLQHUDO IHUWLOLVHUV DQG OLPH LQ
UHYHUVLQJGHJUDGDWLRQRIVRLOV0DQXUHDSSOLFDWLRQLVDQHIILFLHQWDQGVXVWDLQDEOH
PHWKRG IRU PDLQWDLQLQJ VRLO TXDOLW\ DQG ZDWHU UHWHQWLRQ +RZHYHU DQLPDO
PDQXUHLVRIWHQRQO\DYDLODEOHLQOLPLWHGTXDQWLWLHVDQGORZTXDOLW\,QQRYDWLYH
ORZLQSXWSUDFWLFHVVXFKPLFURGRVHKDYH EHHQSUHVHQWHGDVDPDMRUVWHSDORQJ
WKHDJULFXOWXUHLQWHQVLILFDWLRQEXWVRIDUPRVWO\XVHGIRUPLQHUDOIHUWLOLVHUV
/LYHVWRFN LV LPSRUWDQW LQ ORZ LQFRPH FRXQWULHV DV FRQWULEXWLRQ WR IRRG
VHFXULW\ EXW DOVR IRU VRFLRHFRQRPLF DQG FXOWXUDO UHDVRQV 7R LQFUHDVH WKH
SURGXFWLYLW\RIOLYHVWRFNLPSURYHGQXWULWLRQWKURXJKVXIILFLHQWTXDOLW\IHHGVLV
QHHGHG+RZHYHU WURSLFDOJUDVVHVPDWXUH UDSLGO\FDXVLQJ WKH IHHGTXDOLW\ WR
GHFUHDVHZKLFKOHDGVWRSURWHLQGHILFLHQF\LQWKHDQLPDO6XSSOHPHQWLQJORZ
TXDOLW\EDVDOIRGGHUZLWKSURWHLQULFKFRQFHQWUDWHVLVDFKDOOHQJHIRUVPDOOKROGHU
IDUPHUVZLWKORZLQFRPHWKRXJKEXWOHJXPLQRXVWUHHVDQGVKUXEVKDYHEHHQ
VKRZQDVSRWHQWLDOO\YDOXDEOHVRXUFHVRISURWHLQVDQGPLQHUDOVXSSOHPHQWVIRU
VPDOOKROGHUIDPHUVUXPLQDQWDQLPDOV
3RSXODUVFLHQFHVXPPDU\

$JURIRUHVWU\ LHFRPELQLQJ WUHHVZLWK IRRGFURSVDQGRU OLYHVWRFNRQ WKH
VDPHODQGLVRQHRIWKHRSWLRQVWRDOOHYLDWHWKHHIIHFWVRIGHIRUHVWDWLRQODFNRI
OLYHVWRFN IRGGHUTXDOLW\DQG VRLO IHUWLOLW\GHJUDGDWLRQ7UHHDQG VKUXE VSHFLHV
WKDWFDQSURYLGHKLJKSURWHLQDQLPDOIRGGHUJUHHQPDQXUHDVZHOODVSURGXFWLRQ
RIVWDNHVDQGIXHOZRRGDUHUHFRPPHQGHGWREHLQWHUFURSSHGZLWKDQQXDOFURSV
LQWKHILHOGVRUJURZQDWWHUUDFHULVHUV
7KHDLPRIWKLVWKHVLVZDVWRHYDOXDWHWKHELRPDVVSURGXFWLRQRIWKHOHJXPH
WUHHVAcacia angustissima, Leucaena pallida  DQG Mimosa scabrella JURZQRQ
DQDFLGLFVRLOZLWKORZQXWULHQWFRQWHQWLQ6RXWKHUQ5ZDQGDDQGWRGHWHUPLQH
WKHLUHIIHFWVRQIHHGTXDOLW\WKHPDQXUHVIHUWLOLVHUTXDOLW\DQGHIIHFWRQDPDL]H
FURSDQGWKHIHUWLOLW\VWDWXVRIWKHVRLO
7KH OHJXPHV ZHUH JURZQ ZLWK WKH REMHFWLYH RI DVVHVVLQJ WKHLU JURZWK
ELRPDVV SURGXFWLRQ DQG QXWULHQW FRQFHQWUDWLRQ XQGHU GLIIHUHQW FXWWLQJ
PDQDJHPHQWV 7KH WKUHH VSHFLHV ZHUH VXEMHFWHG WR UHSHDWHG KDUYHVWV DW ORZ
FXWWLQJPDERYHJURXQGDQGKLJKFXWWLQJPDERYHJURXQGLeucaena 
pallida KDGVORZJURZWKDWWKHVWDUWRIWKHH[SHULPHQWEXWA. angustissima DQG
M. scabrella JUHZ TXLFNO\ 7KH UHJURZWK ELRPDVV SURGXFWLRQ DIWHU UHSHDWHG
FXWWLQJZDVLQWKHRUGHUA. angustissima ! L. pallida !M. scabrella7KHELRPDVV
SURGXFWLRQ RI WKH UHJURZWKZDV KLJKHU IRUA. angustissima DQGL. pallida DW
ORZHUFXWWLQJKHLJKWPEXWORZHUIRUM. scabrella DWWKLVFXWWLQJKHLJKWDIWHU
WKHWKLUGKDUYHVW$OOA. angustissima DQGL. pallida SODQWVVXUYLYHGWKURXJKRXW
WKH WULDOEXWM. scabrella GLGQRWFRSHZLWK UHSHDWHGFXWWLQJVRI WKHM.
scabrellaSODQWVFXWDWPKDGGLHGE\WKHILIWKKDUYHVW
&XWWLQJKHLJKWGLGQRWDIIHFWWKH QXWULHQWFRQWHQWRIWKHOHDYHV:KHQXVHGWR
VXSSOHPHQWDEDVDO JUDVVGLHWDOOWKHVSHFLHVLPSURYHGWKHQXWULWLYHTXDOLW\E\
LQFUHDVLQJ WKHGLHWV QLWURJHQFRQWHQW7KLVZDVHVSHFLDOO\FOHDUDWWKHORZFXWWLQJ
KHLJKW$OOWKHVSHFLHVLUUHVSHFWLYHO\RIWKHFXWWLQJKHLJKWDUHVXLWDEOHSURWHLQ
VXSSOHPHQWWRORZTXDOLW\EDVDOGLHWV
,Q FRQFOXVLRQ WUHH PDQDJHPHQW LV VSHFLHV GHSHQGHQW 6HOHFWLRQ RI
DSSURSULDWHWUHHVSHFLHVDQGELRPDVVKDUYHVWPHWKRGVGHSHQGVRQDQXPEHURI
IDFWRUVLQFOXGLQJWKHSXUSRVHRIWKHDJURIRUHVWU\SUDFWLFHVWKHWUHHFRPSRQHQW
SULRULWLVHG DUUDQJHPHQW RI WKH WUHHV UHODWLYH WR IRRG FURSV DQG WKH UHVRXUFHV
DYDLODEOHHVSHFLDOO\ODERXU+RZHYHUA. angustissimaDQGL. pallida DSSHDUWR
EHUREXVWVSHFLHVIRUXVHLQDJURIRUHVWU\V\VWHPVZLWKELRSK\VLFDOFRQGLWLRQVDQG
FXWWLQJPHWKRGVVLPLODUWRWKRVHLQWKLVVWXG\Acacia angustissimaDOVRVKRZHG
DGYDQWDJHV RYHU WKH RWKHU VSHFLHV WHVWHG LQ WHUPV RI TXLFN HVWDEOLVKPHQW
WROHUDQFHWRUHSHDWHGFXWWLQJVDWGLIIHUHQWKHLJKWUDSLGUHFRYHU\DQGFRQWULEXWLQJ
PRVWWRKLJKELRPDVVSURGXFWLRQDQGQXWULWLRQDOFRPSRVLWLRQMimosa scabrella
HVWDEOLVKHG UDSLGO\ EXW GLG QRW VXUYLYH UHSHDWHG FXWWLQJ DQG KHQFHSURGXFHG
ELRPDVV IRUDVKRUWHUSHULRG+RZHYHU ORZHUFXWWLQJ KHLJKW PVKRXOGEH

UHFRPPHQGHG WR IDUPHUV DLPLQJ IRU KLJK TXDOLW\ IRGGHU DQG VKRRW ELRPDVV
SURGXFWLRQ
$ ILHOG H[SHULPHQW ZDV FRQGXFWHG WR WHVW WKH K\SRWKHVHV WKDW PDQXUH
SURYLGHV D OLPLQJ DQG IHUWLOLVHU HIIHFW FRPSDUDEOH WR WKDW RI FRPELQHG13.
IHUWLOLVHUDSSOLFDWLRQDQGOLPLQJIRUVRLOSURSHUWLHVDQG\LHOGLPSURYHPHQW7KH
HIIHFWVRIVXSSOHPHQWLQJWKHDQLPDOVEDVDOJUDVVGLHWZLWKDIRUDJHOHJXPHA. 
angustissimaRQVRLOSURSHUWLHVDQGPDL]HFURSZKHQWKHUHVXOWLQJPDQXUHLV
DSSOLHGWRVRLO ZHUH DOVRWHVWHG7KHPDQXUHVDQGOLPHZHUHDSSOLHGRQO\WRWKH
SODQWLQJVWDWLRQVLHLQFORVHSUR[LPLW\WRHDFKPDL]HSODQWDQGDWDUHGXFHG
UDWH  RI WKH UHFRPPHQGHG UDWH FRQVLGHUHG DIIRUGDEOH WR VPDOOKROGHU
IDUPHUV
6XSSOHPHQWLQJ ORZTXDOLW\ JUDVV IHHGVZLWKA. angustissima LQFUHDVHG&
WRWDO1DQGEDVHFDWLRQFRQFHQWUDWLRQVLQWKHPDQXUHFRPSDUHGWRJUDVVIHHGV
RQO\ $IWHU IRXU PDL]H FURSSLQJ VHDVRQV PDQXUH LQFUHDVHG WKH VRLO ZDWHU
UHWHQWLRQFDSDFLW\DQGLQILOWUDWLRQUDWHFRPSDUHGWR13.DSSOLFDWLRQEXWWKHUH
ZDV QR GLIIHUHQFH EHWZHHQ WKH WZR W\SHV RI PDQXUHV 0DQXUH DQG OLPH
DSSOLFDWLRQ LQFUHDVHG VRLO S+DQG UHGXFHG WKH WRWDO H[FKDQJHDEOHDFLGLW\ DQG
DOXPLQLXP WR[LFLW\ FRPSDUHG WR WKH FRQWURO WUHDWPHQW EXW WKHUH ZDV QR
GLIIHUHQFHEHWZHHQWKHHIIHFWVRIWKHWZRPDQXUHW\SHV6RLORUJDQLFFDUERQDQG
FDWLRQ H[FKDQJH FDSDFLW\ LQFUHDVHG DIWHUPDQXUH DSSOLFDWLRQ FRPSDUHG WR DQ
XQIHUWLOLVHGFRQWUROWUHDWPHQW0DQXUHDQG13.WUHDWPHQWVGLGQRWGLIIHULQVRLO
WRWDO1DQGDYDLODEOH30DQXUH OLPHDQG13. WUHDWPHQWV LQFUHDVHG WKH VRLO
H[FKDQJHDEOH &D DQG 0J FRPSDUHG WR EDVHOLQH 0DQXUH WUHDWPHQW DOVR
LQFUHDVHG 0J FRPSDUHG WR 13. /LPLQJ DOVR LQFUHDVHG &D DQG 0J
FRQFHQWUDWLRQVLQWKHXQIHUWLOLVHGWUHDWPHQW
0DQXUH WUHDWPHQW DW  UHFRPPHQGHG RI UDWH DQG 13. IHUWLOLVHU
LQFUHDVHGWKHPDL]HJURZWKDQG\LHOGFRPSDUHGWRWKHFRQWUROWUHDWPHQWZLWKWKH
KLJKHVWYDOXHVLQWKHIRXUWKVHDVRQ7KH13.WUHDWPHQWKDGWKHKLJKHVWPDL]H
SODQWJURZWKDQG\LHOG7KHLQFUHDVHGELRPDVV\LHOGVXSRQ13.IHUWLOLVDWLRQ LV
DOVRDVVRFLDWHGZLWK LQFUHDVHGXSWDNHRIQXWULHQWV DQG WKXV LQFUHDVHV QXWULHQW
H[SRUWYLDIDUPSURGXFHDQGWKLVLVLPSRUWDQWWRUHSOHQLVKWKURXJKDSSURSULDWH
IHUWLOLVDWLRQ $QLPDO PDQXUH LV FKDUDFWHULVHG E\ VORZ UHOHDVH RI QXWULHQWV
+RZHYHUWKHLQFUHDVHLQPDL]HJURZWKDQG\LHOGLQPDQXUHREVHUYHGIURPWKH
VHFRQGVHDVRQVXJJHVWDUHODWLYHO\UDSLGQXWULHQWVXSSO\IURPPDQXUH
0DQ\ VWXGLHV KDYH VKRZQ LQFUHDVHG FHUHDO FURS \LHOGV ZKHQ SUDFWLFLQJ
PLFURGRVLQJ RI LQRUJDQLF IHUWLOLVHU EXW RQO\ IHZ VWXGLHV KDYH LQYHVWLJDWHG
PLFURGRVLQJRI PDQXUH6LQFHPDQXUHLVDYDOXDEOHDQGOLPLWHGUHVRXUFHVLWV
DSSOLFDWLRQLQPLFURGRVHFRXOGEHWKHPRVWHIILFLHQWZD\WRPDNHXVHRILW,Q
WKLV VWXG\ WKH PDQXUH PDQDJHPHQW ZDV LPSURYHG FRPSDUHG ZLWK FRPPRQ
SUDFWLFH EXW QRW YHU\ DGYDQFHG 7KH SUDFWLFH RI FROOHFWLQJ IDHFHV DQG XULQH

IUHTXHQWO\DQGFRYHULQJWKHPDQXUHZLWKDSODVWLFVKHHWLVDFKLHYDEOHIRUPDQ\
VPDOOKROGHU IDUPHUV )XUWKHUPRUH WKH DPRXQW RI PDQXUH DSSOLHG E\ PLFUR
GRVLQJLQWKLVVWXG\LHWGZKD LVZLWKLQUHDFKRIPDQ\VPDOOKROGHUIDUPHUV
7KLVLVHVSHFLDOO\WKHFDVHLQDGHQVHO\SRSXODWHGFRXQWU\OLNH5ZDQGDZKHUH
PRVW IDUPV DUH FRQVLGHUDEO\ VPDOOHU WKDQ  KD ,W DOVR DOLJQV ZLWK DQG LV
DFKLHYDEOHZLWKLQWKH³2QHFRZWRHYHU\SRRUIDPLO\´SROLF\RI5ZDQGD

-RUGEUXNHW ELGUDU WLOO PHU lQ HQ WUHGMHGHO DY EUXWWRQDWLRQDOSURGXNWHQ L
5ZDQGD'HW VWnURFNVn I|UDYGHWQDWLRQHOOD OLYVPHGHOVEHKRYHWRFK I|U
DYGHQWRWDODV\VVHOVlWWQLQJHQ'HWVQDEEW|NDQGHEHIRONQLQJVWU\FNHWKDU
GRFN OHWW WLOO HQ I|UOXVW DY E|UGLJKHW KRV MRUGEUXNVPDUNHQ RFK HQ PLQVNDG
OLYVPHGHOVVlNHUKHW$WWXSSQnOLYVPHGHOVVlNHUKHWXWDQ\WWHUOLJDUHH[SDQVLRQDY
MRUGEUXNHWWLOOQ\PDUNlUHWWSULRULWHUDWRPUnGHI|UODQGHWVEHVOXWVIDWWDUH'lUI|U
PnVWHMRUGEUXNHWVSURGXNWLYLWHW|NDVJHQRPI|UElWWUDGHMRUGEUXNVPHWRGHU
/nJWS+KRVMRUGEUXNVPDUNHQlURFNVnHWWKLQGHUI|UMRUGEUXNVSURGXNWLRQHQ
L5ZDQGD7YnWUHGMHGHODUDYGHRGODGHPDUNHUQDlUVXUDRFKKlOIWHQDYGHVVD
MRUGDUKDUHWWS+OlJUHlQ.DONQLQJKDUOlQJHI|UHVSUnNDWVVRPHWWPHGHOI|U
DWW K|MD PDUNHQV S+ RFK I|UElWWUD E|UGLJKHWHQ RFK Yl[WSURGXNWLRQHQ
6PnE|QGHUKDUGRFNVYnUWDWWWLOOI|UDGHNDONPlQJGHUVRPNUlYVSJDGHQK|JD
NRVWQDGHQ 2UJDQLVND PDUNI|UElWWULQJVPHGHO VlUVNLOW Q|WNUHDWXUVJ|GVHO NDQ
SRWHQWLHOOW HUVlWWD HOOHU NRPSOHWWHUD EnGHPLQHUDOJ|GVHO RFK NDON I|U DWW K|MD
E|UGLJKHWHQ7LOOI|UVHODYNUHDWXUVJ|GVHONDQYDUDHQHIIHNWLYRFKKnOOEDUPHWRG
I|UDWWXSSUlWWKnOODE|UGLJKHWHQRFKPDUNHQVI|UPnJDDWWODJUDYl[WWLOOJlQJOLJW
YDWWHQ7LOOJnQJHQWLOONUHDWXUVJ|GVHOlUGRFNEHJUlQVDGRFKJ|GVHOQKnOOHURIWD
OnJNYDOLWHW,QQRYDWLYDEUXNQLQJVPHWRGHUVnVRPPLNURGRVHULQJDYJ|GVHOPHGHO
lUHQPHWRGVRPXQGHUOlWWDUI|UVPnE|QGHUDWWLQWHQVLILHUDVLQSURGXNWLRQPHQ
PHWRGHQKDUKLWWLOOVIUlPVWWHVWDWVI|UPLQHUDOJ|GVHOPHGHO
%RVNDSlUYLNWLJLOnJLQNRPVWOlQGHURFKELGUDUWLOOOLYVPHGHOVVlNHUKHWHQPHQ
lU lYHQ YLNWLJ DY VRFLRHNRQRPLVND RFK NXOWXUHOOD VNlO )|U DWW |ND
SURGXNWLYLWHWHQKRVERVNDSHQEHK|YVK|MGIRGHUNYDOLWHW7URSLVNDJUlVXWYHFNODV
VQDEEWRFKI|UORUDULIRGHUYlUGHYLONHWOHGHUWLOOSURWHLQEULVWKRVGMXUHQ'HWlU
HQ XWPDQLQJ I|U VPnE|QGHU PHG OnJ LQNRPVW DWW NRPSOHWWHUD EDVIRGHU PHG
SURWHLQULNDWLOOVNRWWPHQXQJDVNRWWIUnQEDOMYl[WWUlGRFKEXVNDUKDUYLVDWVLJ
YDUDSRWHQWLHOOWYlUGHIXOODSURWHLQIRGHUVRPlYHQELGUDUPHGH[WUDPLQHUDOHU
$JURIRUHVWU\ GYV DWW LQWHJUHUD WUlG PHG OLYVPHGHOVJU|GRU RFKHOOHU
IRGHUJU|GRUSnVDPPD\WDlUHQP|MOLJKHWDWW OLQGUDEULVWHQSnNYDOLWHWVIRGHU
3RSXOlUYHWHQVNDSOLJVDPPDQIDWWQLQJ

RFKXWDUPQLQJHQDYPDUNHQVDPWHIIHNWHUQDDYDYVNRJQLQJ2OLNDDUWHUDYWUlG
RFKEXVNDUVRPNDQJHSURWHLQIRGHUJU|QJ|GVHOVDPWSURGXNWLRQDYVW|UDURFK
EUlQVOHNDQRGODVWLOOVDPPDQVPHGHWWnULJDJU|GRUSnnNUDUQDHOOHURGODVOlQJV
WHUUDVVNDQWHURFKVWDELOLVHUDGHVVD
6\IWHW L GHQQD DYKDQGOLQJ lU DWW XWYlUGHUD ELRPDVVSURGXNWLRQHQ DY
EDOMYl[WWUlGHQ$cacia angustissima Mimosa scabrella RFKLeucaena pallida
QlUGHVVDRGODVSnHQVXURFKQlULQJVIDWWLJMRUGLV|GUD5ZDQGDRFKDWWXWYlUGHUD
GHUDV HIIHNW Sn IRGHUNYDOLWHWHQ NUHDWXUVJ|GVHOQV NYDOLWHW VDPW HIIHNWHQSn HQ
PDMVJU|GDRFKMRUGHQVE|UGLJKHWGnJ|GVHOQDQYlQGV
7UlGHQRGODGHV VRPEXVNDU I|U DWWEHG|PDGHUDVELRPDVVDSURGXNWLRQRFK
QlULQJVLQQHKnOOXQGHUROLNDVN|UGHV\VWHP'HWUHDUWHUQDVN|UGDGHVXSSUHSDGH
JnQJHU DQWLQJHQ OnJW  P |YHU PDUNHQ HOOHU K|JW  P |YHU PDUNHQ
/HXFDHQDSDOOLGDKDGH OnQJVDP WLOOYl[W L E|UMDQPHQA. angustissima RFKM. 
scabrella Yl[WHVQDEEW6NRWWnWHUYl[WHQHIWHUXSSUHSDGVN|UGYDULRUGQLQJHQA. 
angustissima ! L. pallida ! M. scabrella cWHUYl[WHQ YDU VW|UUH I|U A. 
angustissima RFKL. pallida YLGOnJNOLSSK|MGPPHQOlJUHI|UM. scabrella
HIWHUGHQWUHGMHVN|UGHQ$OODEXVNDUDYA. angustissimaRFKL. pallida |YHUOHYGH
XQGHUKHODI|UV|NHWPHQM. scabrella NODUDGHLQWHXSSUHSDGHVN|UGDUDY
M. scabrellaEXVNDUQDNOLSSWDYLGPKDGHG|WWYLGGHQIHPWHVN|UGHQ
.OLSSK|MGHQ SnYHUNDGH LQWH GH XQJD VNRWWHQV SURWHLQLQQHKnOO 1lU GH
DQYlQGHVI|UDWWNRPSOHWWHUDHQJUlVGLHWI|UElWWUDGHDOODDUWHUIRGHUYlUGHWJHQRP
DWW K|MD SURWHLQKDOWHQ'HWWD YDU VlUVNLOW W\GOLJW YLG OnJ NOLSSK|MG$OOD DUWHU
REHURHQGHDYNOLSSK|MGHQlUOlPSOLJDSURWHLQWLOOVNRWWWLOOOnJNYDOLWDWLYWIRGHU
6DPPDQIDWWQLQJVYLVEHVWlPVYDGVRPlUOlPSOLJVN|WVHODYYLONHQDUWGHWlU
9DODYWUlGVODJRFKVN|UGHPHWRGEHURUDYHWWDQWDOIDNWRUHULQNOXVLYHYLONHWV\IWH
ERQGHQ KDU RFK GlUPHG YLOND WUlGSURGXNWHU VRP SULRULWHUDV KXU WUlGHQ VND
SODFHUDV L I|UKnOODQGH WLOO HYHQWXHOOD OLYVPHGHOVJU|GRU RFK YLOND WLOOJlQJOLJD
UHVXUVHUVRPILQQVVlUVNLOWDUEHWVNUDIWAcacia angustissima RFK L. pallida W\FNV
GRFNYDUD UREXVWDDUWHU I|UDQYlQGQLQJ LDJURIRUHVWU\V\VWHPXQGHUPDUNRFK
NOLPDWI|UKnOODQGHQRFKVN|UGHPHWRGHUVRPOLNQDUGHPLGHQQDVWXGLHAcacia 
angustissima YLVDGHRFNVnI|UGHODUMlPI|UWPHGGHDQGUDDUWHUQDVRPWHVWDGHVL
RFKPHGVQDEEHWDEOHULQJWROHUDQVI|UXSSUHSDGHVN|UGDUSnROLNDK|MGVQDEE
nWHUKlPWQLQJ K|J ELRPDVVDSURGXNWLRQ RFK K|JW QlULQJVLQQHKnOO Mimosa 
scabrella HWDEOHUDGHVVQDEEWPHQ|YHUOHYGHLQWHXSSUHSDGVN|UGSnOnJK|MGRFK
SURGXFHUDGHGlUPHGELRPDVVDXQGHUHQNRUWDUHSHULRG/nJVN|UGHK|MGP
E|UlQGnUHNRPPHQGHUDVWLOOE|QGHUVRPV\IWDUWLOOK|JNYDOLWDWLYWIRGHU
(WWDQQDW IlOWI|UV|NJHQRPI|UGHV I|UDWW WHVWDK\SRWHVHQDWWNUHDWXUVJ|GVHO
JHUHQNDONQLQJVRFKJ|GVOLQJVHIIHNWSnPDMVJU|GDQRFKPDUNHQMlPI|UEDUPHG
GHQ I|UNRPELQHUDG13.J|GVOLQJRFKNDONQLQJ , VDPPD IlOWI|UV|N WHVWDGHV
lYHQ HIIHNWHQ DY DWW NRPSOHWWHUD Q|WNUHDWXUV JUlVGLHW PHG IRGHU IUnQ A. 

angustissima EODQGGLHW Sn JU|GDQ RFKPDUNHQ QlU GMXUHQV J|GVHO DQYlQGV
*|GVHOQRFKNDONHQ WLOOI|UGHV HQGDVW ´SODQWHULQJVSXQNWHUQD´ GYV FD  FP
YLGDIOlFNDUGlUYDUMHPDMVSODQWDVNXOOHVnVLPLWWHQPHGHQPlQJGPRWVYDUDQGH
 DY UHNRPPHQGHUDG JLYD 'HQ OlJUH JLYDQ YDOGHV I|U DWW GHQ lU PHU
|YHUNRPOLJI|UVPnE|QGHULODQGHW%ODQGGLHWHQJUlVA. angustissimaVNRWW
|NDGHJ|GVHOQVKDOWDYNYlYHRFKPLQHUDOHUMlPI|UWPHGGHQUHQDJUlVGLHWHQ
(IWHUI\UDRGOLQJVVlVRQJHUKDGHJ|GVHOQ|NDWPDUNHQVYDWWHQKnOODQGHI|UPnJD
RFKLQILOWUDWLRQVKDVWLJKHWLI|UKnOODQGHWLOO13.J|GVOLQJHQPHQGHWYDULQJHQ
VNLOOQDGPHOODQGHWYnW\SHUQDDYNUHDWXUVJ|GVHO$QYlQGQLQJDYNUHDWXUVJ|GVHO
RFKNDON|NDGHPDUNHQVS+RFKGlUPHGDOXPLQLXPWR[LFLWHWHQMlPI|UWPHGHQ
RJ|GVODG NRQWUROOEHKDQGOLQJ PHQ GHW YDU nWHULJHQ LQJHQ VNLOOQDG PHOODQ
HIIHNWHUQDDYGH WYn W\SHUQDDYNUHDWXUVJ|GVHO+DOWHQRUJDQLVNWPDWHULDORFK
MRUGHQVI|UPnJDDWWKnOODNYDUQlULQJ|NDGHYLGDQYlQGQLQJDYNUHDWXUVJ|GVHO
MlPI|UWPHG NRQWUROOEHKDQGOLQJHQ -RUGHQV LQQHKnOO DY NYlYH RFK WLOOJlQJOLJ
IRVIRUVNLOGHVLJLQWHnWPHOODQNUHDWXUVJ|GVHO RFK13.EHKDQGOLQJDUQD$OOD
J|GVOLQJV RFKNDONQLQJVEHKDQGOLQJDUQD|NDGHKDOWHQYl[WWLOOJlQJOLJWNDOFLXP
RFK PDJQHVLXP L PDUNHQ RFK NUHDWXUVJ|GVHOQ |NDGH PDJQHVLXP
WLOOJlQJOLJKHWHQ\WWHUOLJDUHMlPI|UWPHG13.
.UHDWXUVJ|GVHOQ YLG  DY UHNRPPHQGHUDG JLYD RFK 13. |NDGH
PDMVVN|UGHQ MlPI|UW PHG GHQ RJ|GVODGH NRQWUROOEHKDQGOLQJHQ RFK 13.
J|GVOLQJHQ JDY DOOUD K|JVW VN|UG 'HQ |NDGH ELRPDVVWLOOYl[WHQ YLG 13.
J|GVOLQJlUNRSSODGWLOOHWWVWRUWXSSWDJDYQlULQJVlPQHQYLONHW|NDUERUWI|UVHOQ
DYQlULQJPHGVN|UG'HWlUGnYLNWLJWDWWHUVlWWDGHVVDQlULQJVPlQJGHUJHQRP
WLOOUlFNOLJ J|GVOLQJ .RPSRVWHUDG NUHDWXUVJ|GVHO NlQQHWHFNQDV JHQHUHOOW DY
OnQJVDPIULVlWWQLQJDYQlULQJVlPQHQ'HQ|NQLQJLPDMVVN|UGVRPREVHUYHUDGHV
UHGDQIUnQDQGUDYl[WVlVRQJHQW\GHUGRFNSnHQUHODWLYWVQDEE QlULQJVI|UV|UMQLQJ
IUnQGHQQDNUHDWXUVJ|GVHO
0nQJD VWXGLHU KDU YLVDW |NDGH VSDQQPnOVVN|UGDU YLG PLNURGRVHULQJ DY
PLQHUDOJ|GVHOPHGHO PHQ HQGDVW In VWXGLHU KDU JMRUWV Sn HIIHNWHU DY
PLNURGRVHULQJDYNUHDWXUVJ|GVHO(IWHUVRPNUHDWXUVJ|GVHOlUHQYlUGHIXOORFK
EHJUlQVDGUHVXUVNDQGHVVDQYlQGQLQJLPLNURGRVYDUDGHWPHVWHIIHNWLYDVlWWHW
DWW XWQ\WWMD GHQ , GHQQD VWXGLH LQVDPODGHV RFK ODJUDGHV J|GVHO Sn HWW PHU
QlULQJVKXVKnOODQGH VlWW lQ KRV HQ JHQRPVQLWWVERQGH0HWRGHQ YDU GRFN LQWH
DYDQFHUDGPHWRGHQ DY DWW VDPOD WUlFN RFK XULQ RIWD RFK WlFND J|GVHOQPHG
SODVWILOPNDQDQYlQGDVDYPnQJDVPnE|QGHU'HVVXWRPlUGHQPlQJGJ|GVHO
VRPDQYlQGHVLGHQQDVWXGLHP|MOLJDWWXSSQnI|UPnQJDVPnE|QGHU'HWWDlU
VSHFLHOOWIDOOHWLHWWWlWEHIRONDWODQGVRP5ZDQGDGlUGHIOHVWDJnUGDUlUEHW\GOLJW
PLQGUHlQKHNWDURFKSDVVDUlYHQWLOORFKNDQXSSQnVLQRP5ZDQGDVSROLWLN
(QNRWLOODOODIDWWLJDIDPLOMHU


7KH DFFRPSOLVKPHQW RI WKLVZRUNZRXOG QRW KDYH EHHQ SRVVLEOHZLWKRXW WKH
VXSSRUWDQGJXLGDQFHUHFHLYHGIURPPDQ\SHRSOH, WKDQN\RXDOOZKRLQRQH
ZD\RUDQRWKHUFRQWULEXWHGWRWKLVGRFWRUDOORQJMRXUQH\
7KHVWXGLHVSUHVHQWHGLQWKLV WKHVLVZHUHFDUULHGRXWDWWKH)DFXOW\RI1DWXUDO
5HVRXUFHVDQG$JULFXOWXUDO6FLHQFHV'HSDUWPHQWRI6RLODQG(QYLURQPHQWDW
6ZHGLVK8QLYHUVLW\RI$JULFXOWXUDO6FLHQFHV6/88SSVDOD6ZHGHQDQGWKH
8QLYHUVLW\RI5ZDQGD85ZLWK856,'$ELODWHUDOSURJUDPVSRQVRUVKLS,DP
JUDWHIXOIRUDOOWKHVXSSRUWIURPDOOWKHVHLQVWLWXWLRQV,ZRXOGOLNHWRH[WHQGP\
VLQFHUHDSSUHFLDWLRQ WR WKHSURIHVVRUVDGPLQLVWUDWLRQVWDIIVJUDGXDWHVWXGHQWV
DQGSRVWGRFWRUDOUHVHDUFKHUVDW'HSDUWPHQWRI6RLODQG(QYLURQPHQW6ZHGLVK
8QLYHUVLW\ RI $JULFXOWXUDO 6FLHQFHV 8SSVDOD 6ZHGHQ IRU SURYLGLQJ PH DOO
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